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INTRODUCTION 
This study is an evaluation of the Mating Appraisal for Profit 
(MAP) program of Midwest Breeders Cooperative, an artificial insemina-
tion (AI) organization. Their program is one of several corrective 
mating programs used today by AI organizations to improve type in dairy 
cattle. The major purpose of these programs is to produce superior 
progeny by choosing specific pairs of animals to be mated rather than 
randomly mating animals meeting some selection criterion. These mates 
are chosen for each other on the basis of their type evaluation, having 
already met a minimum production standard. Their offspring should not 
only be superior milk producers, they should also be structurally sound, 
and because of this have a longer herd life than progeny whose parents 
were randomly mated. 
Although these programs are popular with dairymen, and their popu-
larity is growing, little evidence has been presented showing their 
effectiveness in improving dairy cattle and increasing profits to the 
dairyman. Because primary selection is done for milk production, this 
study will attempt to separate the effectiveness of the program in im-
proving type and milk production. Besides the effect the program has 
on type, this study will also attempt to measure its effect on increasing 
herd life. 
Earlier studies have laid the foundation for this study by examining 
the genetic basis of type improvement by the MAP program. A study by 
Aitchison (1971) provided basic information for the program as it was 
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used in the collection of data for a later study by Thompson (1978), 
and this study. Thompson (1978) reevaluated genetic parameters of the 
revised program. In each case, heritabilities, genetic, and phenotypic 
correlations were estimated. Generally, favorable results were re-
ported in these two studies which led to the question asked here. 
The goals of this study are to measure the degree of corrective 
mating for basic form actually practiced in the MAP program and assess 
the improvement made in basic form and the worst fault trait. In addi-
tion, this study will attempt to evaluate overall improvement of cattle 
produced by MAP matings. 
3 
LITERATURE REVIEW 
Currently there are well over 800, 000 dairy cattle being evaluated 
in more than twenty different type appraisal programs of artificial 
insemination (AI) organizations and purebred cattle associations; most 
charge small fees (Halsey, 1978). Approximately 10% of the dairy cattle 
in the U.S. today are evaluated for type considerations in some kind of 
appraisal program (Wilson, 1981, Midwest Breeders Cooperative, Shawano, 
Wisconsin, personal communication). The MAP program of Midwest Breeders 
Cooperative is one such program which employs corrective mating for 
type to improve offspring of cows enrolled in the program. Most programs 
differ from another to some degree, and individual programs, like the MAP 
program, have evolved over time into those in use today. Because of 
these differences, an evaluation of the MAP program will not necessarily 
be comparable to evaluations of other programs. Thompson (1978) noted that 
MAP evaluates cows on functional type whereas the Holstein-Friesian 
Association of America (HFAA) program, for example, evaluates cows with 
respect to an ideal. The desired results of these and the other programs 
are more or less the same, that is, to produce replacement heifers with 
better conformation and thusly heifers which stay in the herd longer and 
produce more milk over their lifetimes than their dams. Even though the 
goals are the same, the results of the two previous MAP analyses will be 
used as the genetic foundation for this study while results of other 
type appraisal program analyses will be used as corrobating evidence. 
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Historically, Porter et al. (1965) report milk production has re-
ceived most of the attention in dairy cattle breeding programs. As major 
advances have been made in aver.age milk production, more attention has 
been given to conformation. The HFAA first developed the true type 
Holstein cow and bull models in the mid-1920s (Prescott et al., 1930). 
These models were developed with the belief that the closer Holstein-
Friesian cattle resembled them, the more productive they would be either 
directly through improved production or indirectly through a longer pro-
ductive life. Other purebred dairy cattle associations soon followed 
the HFAA's example . Including type in the selection criterion became 
more and more widely accepted. Trimberger (1958) expressed the thoughts 
of many purebred and commercial dairy cattle producers when he said, "If 
the proper emphasis in the selection of dairy cattle is placed on type, 
the kind of cow that can stand up under high production year after year 
should result." Finding the proper emphasis has been the goal of dozens 
of studies, including the previous MAP analyses. 
Corrective Mating Definitions and Implications 
Corrective mating is a term for negative assortative mating or mating 
of animals opposite in phenotype. Assortative mating occurs when indi-
viduals are more or less likely to mate due to somatic resemblance. 
Only a few characteristics are normally considered in negative assorta-
tive mating plans due to the difficulty of finding mates opposite in many 
characteristics. Assortative mating differs from inbreeding in this 
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respect~ inbreeding effects are genotypic (Lewontin et al., 1968). Also, 
assortative mating does not change gene frequencies as does selective 
mating, which is random mating of selected mates. Instead, it alters 
the genotypic frequencies from those expected from random mating. Lewontin 
et al. (1968) summarize the differences in the mating processes: selec-
tive mating is character specific and changes gene frequency; assorta-
tive mating is character specific but does not change gene frequency; 
inbreeding is not character specific and does not change gene 
frequency. 
Examples of positive assortative mating are not hard to find. There 
has been great interest in homogamy in human populations. Studies have 
shown a person tends to marry someone with similar stature; level of 
education, and physiognomy (Garrison et al., 1968; Griffiths and Kunz, 
1973; Kiser, 1968; Spuhler, 1968). One of the strongest associations of 
human mate characteristics has been age at marriage, which seems very 
logical; people tend to marry at similar ages (Spuhler, 1968). Examples 
of negative assortative mating are much more difficult to cite, and no 
one has demonstrated statistically significant negative assortative mar-
riages for any trait in large human populations (Garrison et aL, 1968). One 
obvious example of negative assortative mating in bisexual species is 
that mating always occurs between opposite sexes. 
Even though assortative mating does not change gene frequencies, 
it does alter the genotypic composition of the population. In the case 
of a two-allele locus with no dominance effects, perfect positive 
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assortative mating would allow the population to segregate into two classes 
homozygous at that locus. In contrast, inbreeding would produce several 
classes homozygous at all loci (Falconer, 1960). Negative assortative 
mating is more complex. If the heterozygote is desired, the homozygous 
animals can be mated with others of opposite phenotype to produce heter-
zygous offspring. The problem occurs in the next generation since there 
are only heterozygotes which, when mated, produce half heterozygous and 
half homozygous offspring. So complete heterozygosity is not possible 
through negative assortative mating, at least not with a single locus 
example (Wright, 1921). When quantitative traits are considered, this 
may not be the case. Since positive assortative mating creates two 
distinct classes of offspring, it also increases genotypic variance. 
Negative assortative mating maximizes the heterozygous class so it de-
creases genotypic variance (Crow and Felsenstein, 1968). 
Mate selection programs used in today's cattle industry employ selec-
tion for type and production characteristics then corrective mating of 
animals meeting the selection criterion. Selection on important traits 
insures that the most desirable genes are transmitted to the following 
generation. Corrective mating after selection should increase the propor-
tion of the most desirable genotypic combinations of the selected genes. 
In the dairy industry, a uniform group of high-producing cattle with 
good conformation is the goal of most mating programs. Selection alone 
would not necessarily produce uniform offspring; corrective mating after 
selection should yield results superior to either mating system practiced 
alone. 
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Although the ideas are sound in theory, few studies have investi-
gated the effects of corrective mating f or improving dairy cattle. Alla ire 
(1980) considered the merits of mating particular pairs of selected ani-
mals rather than random mating of selected animals. Progeny genetic 
values for different bull-cow pairs were predicted by means of selection 
index theory. Economic relationships among traits were considered to 
be one of three possibilities: linearly related to economic importance; 
one optimal economic value; or an economic threshold value. When greatest 
economi c gain was the goal, bulls' rankings changed when the genetic merits 
of the cow they were to be mated to were considered. The conclusion was 
that mate selection could be justified when a nonlinear relationship (or 
one of optimal value) existed between at least one trait in the index 
and net merit. 
Prior MAP Analysis 
The first step in the analysis of a corrective mating program would 
lo gically be an examination of the genetic basis of the type traits in-
volved including the relationship of traits among themselves. The rela-
tionship of the traits with production and herd life would be considered 
next. There have been two previous studies of MAP data which have esti-
mated heritabilities, genotypic and phenotypic correlations. Aitchison 
et al . (1972) first used data collected by Midwest Breeders Cooperative 
between November 1, 1969 and June 1, 1970. Scores and definitions of 
these traits were slightly different from those used in the second analysis 
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by Thompson et al. (1980) and in this study (Table 4). Prior to June 1, 
1970, thirteen traits were scored including disposition, milkout, and size 
which are no longer used. Feet and legs, previously scored as one trait, 
are now scored separately, and teat score has been added. Another 
important difference is the coding of basic form. The old method followed 
a nonlinear pattern which Aitchison et al. (1972) recoded before analyzing 
the data. Basic form is now scored linearly by MAP evaluators. The early 
program used production and management codes for each herd. The data 
were also divided into subsets by sale district and technician area. 
Aitchison et al. (1972) found small effects of sales area and technician 
area within sales area. Even when combined, the effects never accounted 
for more than 3% of the total variation, so this information has been 
dropped from the program. Currently, descriptive subscores are given 
to some traits which was not done previously. A more detailed descrip-
tion of the scoring procedure used in collection of data for this study 
will follow in the Description of Data section. 
After recoding basic form, Aitchison et al. (1972) analyzed the data 
using Method II of Henderson (1953) to obtain variance component esti-
mates. First, a model with fi.xed effects was fitted, the fixed effects 
adjusted for, and finally components of variance estimated. The model 
included the Lmderlying population mean as well as the following fixed 
effects: evaluator, herd condition code, herd production code, all two-
way interactions of these effects, and random error. The dependent vari-
able was the cow's score for the trait in question . 
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Thompson et al. (1980) analyzed 42,539 MAP records collected between 
July 1, 1975 and June 30, 1977 using Method III of Henderson (1953). 
Separate models were used for heifers, dry cows, and milk cows. The cow 
model included the underlying population mean; evaluator, herd, parity 
and herd by evaluator interaction, which were all fixed effects; sire 
effects which were random; and linear and quadratic regressions on days 
in milk. The dependent variable for the model was the cow's score for 
the trait in question. The dry cow model included all of the above effects 
except the regressions on days in milk which did not apply. The heifer 
model also omitted the regressions plus parity and evaluator by parity 
interaction which were not appropriate for heifers. With variance com-
ponent estimates from these models, heritabilities were calculated using 
A2 A2 A2 A2 A2 
the formula h = 40 /0 , where 0 is the estimated sire variance and 0 
s p s p 
is the estimated phenotypic variance. 
Sources of Variation 
Decisions on which factors to include in the models used by Aitchison 
et al. (1972) and Thompson et al. (1980) were based on other evaluations 
of type programs. Generally, herd effects have been found to account 
for less than 14% of the total variation in type traits (Hansen et al., 
1969; Rennie et al., 1974; Specht et al., 1967; Van Vleck, 1964; Vinson 
et al., 1976). Legates (1971) reported much larger herd effects than 
these studies where herds accounted for 13 to 25% of the variation in 
overall type score. Aitchison et al. (1972) used the production and 
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condition codes for each herd to adjust for herd differences, and reported 
problems with confounding of condition codes and herds . Also, production 
codes were not scored objectively. As noted previously, these codes are 
no longer used in the MAP program. Thompson et al. (1980) used an alge-
b r aic procedure known as absorption to remove herd effects, so there were 
no variance estimates for herd effects from their analysis. 
Variation due to classi fiers was reported as 2 to 6% of total vari-
ance in individual type traits (Specht et al . , 1967). Another study of 
classifier effects on several type traits found classifiers accounted 
f or .7 to 5.0% of total variation (Vinson et al., 1976). Also, several 
studies have reported correlations between classifiers scoring cattle 
at the same time, between a classifier's scores over time, and between 
different classifiers at different times (Benson et al., 1951; Hyatt 
and Tyler , 1948; McGilliard and Lush, 1956; Touchberry and Tabler, 1951). 
Aitchison (1971) presents a more thorough review of these studies. 
In the analysis of the early MAP data, Aitchison et al. (1972) re-
ported signi ficant evaluator differences (p<.01) for most traits includ-
ing: body, center support, disposition, feet and legs, front, fore udder, 
rear udder, milkout, and s ea.le. The remaining traits, size, top, a"!-1d 
r ump were not significant (p>.05). The least squares means from the evalu-
ation of Aitchison et al. (1972) ranged from -.32 to . 34 which is a much 
narrower range than reported by Wilcox et al. (1959) who found a range of 
- 1 . 31 to 1. 46 fo r Holsteins scored on a 1 to 6 basis for several type 
t r aits . Because a herd is scored by only one evaluator, the absorption 
pr ocess used by Thompson et al. (1980) to absorb herds also effectively 
absorbed evaluator effects. 
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Age and stage of lactation effects have been reported in several 
studies. Wilcox et al. (1959) noted a trend of higher scores in the 
early and later stages of lactation than in mid-lactation. Also, they ne-
ported that scores improved as cows matured. Classification records on 
2518 Wisconsin Holsteins were used by Hansen et al. (1969) in a study which 
found age and stage of lactation effects significant (p<.01) for final 
type score, dairy character, body capacity, general appearance, and mam-
mary system. Dairy character was the only trait with a significant inter-
action (p<.01) between stage of lactation and age. Scores were generally 
higher at the start of lactation and lower at the end, except for dairy 
character which showed the same trend with a peak in the third month of 
lactation. Here again. score improved as cows matured. Rennie et al. 
(1974) reported on 51,044 Holsteins scored on the official HFAA system. 
They found age effects significant (p<.01) for all descriptive traits 
except for the trait feet and legs which was not significant (p>.05). 
Similarly, stage of lactation effects were found significant (p<.01) for 
all traits. There was no trend reported in scores at different stages 
of lactation or at different ages. 
The results of the studies by Hansen et al. (1969) and Wilcox et al. 
(1959) suggest there is a quadratic effect of days in milk or stage of 
lactation when fit as a continuous variable. Aitchison et al. (1972) 
were unable to fit st.age of lactation and age in their model because the 
information was not recorded in the early MAP data. However, Thompson 
(1978) did use b0th factors in his analysis. Parity was used as a measure 
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of age and linear and quadratic regressions on days in milk were used in 
the model. Table 1 swmnarizes results of his study. The model was actu-
ally used twice, once with linear r_egression on days in milk and once 
with linear and quadratic regression on days in milk. This was done 
because an F test is only valid for the highest order polynomial function 
fit. The model with only linear regression showed a significant linear 
effect for all traits. When it was run the second time with linear and 
quadratic regressions on days in milk, the quadratic regression was sig-
nificant (p<.05) for all traits except basic form, front, body, and rump. 
These regressions could only be used for the milk cow model and parity 
was used only in the cow models. Parity was significant (p<.01) for the 
traits scale, front, body, rump, rear udder, and fore udder of the milk 
cow group. It was not significant (p>.05) for any traits of the dry 
cows. Interestingly, parity by evaluator interaction was significant 
(p<.05) for all traits except basic form and center support of the milk 
cows. The interaction was significant (p<.05) for the traits scale, 
body, and rear udder of the dry cows. 
Table 1 also shows sire effects significant (p<.01) for every trait 
except rump for dry cows and back and feet for heifers. Note that sire 
variance components estimates could not be calculated for heifer udder 
traits as the scores are usually not very descriptive if present at all. 
Since sire variance is needed to compute heritabilities of MAP traits, 
it is very encouraging to see these figures were significant. 
Table 1. Level of significance of effects in models used by Thompson (19 78) 
Milk COW model Dry cow model Heifer 
model 
Evaluator Quadratic Evaluator 
by parity days in by parity 
Trait Parity interaction Sire milk Parity interaction Sire Sire 
Basic form NS a NS **b NS NS NS ** ** 
Scale ** ** *)" *c NS ** )'c* ** 
Front ** * ** NS NS NS ** ** 
Body ** ** ** NS NS * ** ** 
Back NS ** ** ** NS NS ** NS 
Feet NS ** ** ** NS NS ** NS I-" 
Legs NS ** ** ** NS NS ** ** w 
Rump ** ** ** NS NS NS NS ** 
Rear udder ** ** ** ** NS ** ** NAd 
Fore udder ** ** ** ** NS NS ** NA 
Teats ** )'c* ** * NS NS ** NA 
Center support NS NS ** ** NS NS ** NA 
~s indicates effect is not significant at the .05 level. 
b** indicates effect is significant at the .01 level. 
c* indicates effect is significant at the .OS level. 
dNA indicates trait is not appropriate for heifers. 
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Heritabilities 
To evaluate the effectiveness of the MAP program, the first step 
is to estimate heritabilities of the MAP traits. If heritability of a 
particular trait is low, little improvement would be expected in off spring 
of parents correctively mated for that trait. The main goal of the 
earlier studies of the MAP data by Aitchison et al. (1972) and Thompson 
et al. (1980) was to estimate these heritabilities. Several other studies 
have estimated heritabilities of conformation traits from the HFAA and 
other data. Heritability estimates are specific for a population as 
they vary from population to population and from trait to trait within 
a population (Lush, 1949). Results of these other studies will be pre-
sented for general comparisons to the results of Aitchison et al. (1972) 
and Thompson et al. (1980). It should also be noted that culling cows 
for poor type may bias heritability estimates. 
Falconer (1960) defined heritability as the ratio of additive genetic 
variance to the phenotypic variance or the regression of breeding value 
on phenotypic value. In other words, it is the fraction of the total 
variation that is attributable to differences in the additive portion 
of the genotypes of the population. 
Aitchison et al. (1972) used the paternal half-sib method described 
by Falconer (1960) to estimate heritabilities of MAP traits of 11,106 
cows in the early MAP program. Thompson et al. (1980) used the same method 
to obtain heritability estimates of 42,539 cows scored in the revised MAP 
program. Their results along with the results of other studies appear in 
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Table 2. Sunuuary of type trait heritability estimates from several 
studies 
Thompson Aitchison Cassell Rennie White 
et al. et al. et al. et al. and Vinson 
(1980) (1972) (1973) (1974) (1976) 
Basic form • 96 .47 
Scale .55 .39 .48 
Front .34 .25 .15 .12 
Body .42 . 36 .27 .31 .27 
Back .13 .21 . 17 .23 
Legs .14 . 08 .15 
Feet .13 .11 .n 
Rump .13 .23 .24 .33 .23 
Rear udder .13 .25 .20 .15 .21 
For e udder .14 .25 .20 .14 .21 
Center support .14 .22 .23 .21 
Teats .19 . 24 .31 
Feet and legs .33 .08 
Size .34 .52 
Table 2. Standard errors were less than . 09 for the estimates of Aitchi-
son et al. (1972) and . 08 or less for the work of Thompson et al. (1980). 
Rennie et al. (1974) estimated heritabilities from 51,044 Holstein 
records. Cassell et al. (1973) estimated heritabilities by the parent-
offspring regression method (Falconer, 1960) using 30,715 Holstein 
daughter-dam pairs. Standard errors of the estimates from these two 
studies were .01 or less so they are quite accurate. White and Vinson 
(1976) also used parent-offspring regression to estimate heritabilities 
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from 30,714 Holstein daughter-dam pairs and their standard errors were 
also quite small. 
Aitchison et al. (1972) found basic form to be highly heritable (.47) 
and Thompson et al. (1980) found an even higher estimate (.96). Since 
it is primarily a structural trait, basic form would be expected to have 
a high her itability , although .96 is extremely high. Identification of 
cows' sires prior to appraisal might influence scoring; this could lead 
to more uniform scoring of sires' progeny which would inflate sire com-
ponents of variance and therefore heritability. Basic form is a trait 
found only in the MAP program so there are no other estimates with which 
these can be compared . 
Size and scale are two other structural traits which should be mod-
erately to highly heritable. The size heritability estimate reported 
by Aitchison et al . (1972) (.34) is a little lower than expected and 
lower than that of Rennie et al. (1974) (.52). Size was not included in 
the data used by Thompson et al. (1980). Their heritability estimate 
for scale (.55) was higher than the estimates of Aitchison et al. (1972) 
(.39) and Cassell et al. (1973) (.48). 
Front he r itability estimates from the MAP data studies were also 
higher than those from other studies . Thompson et al. (1980) and 
Aitchison et al. (1972) estimated front heritability to be .34 and .25, 
respectively, while CasselJ et al. (1973) and White and Vinson (1976) found 
estimates of .15 and .12, respectively. All body heritability estimates 
were in the moderately heritable range (.23 to .42), and MAP data esti-
mates were higher than those of other studies . Back and rump heritability 
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estimates were slightly lower than those of front and body with back being 
lower than rump (Table 2). The back heritability estimate of Thompson 
et al. (1980) (.13) was lower than the others including that of Aitchison 
et al . (1972) (.21) from the early MAP data. Estimates of rump herit-
ability were in the lowly to moderately heritable range (.13 to .36) with 
the estimate of Thompson et al. (1980) being the lowest. 
Udder traits were lowly to moderately heritable; heritability esti-
mates for udder traits were very similar within studies. The range of 
values for these estimates was quite small. Teats were not scored in 
the early MAP program so the heritability estimate reported in the study 
of Thompson et al . (1980) (.19) can be compared only to reports from 
other appraisal data. This estimate was just slightly lower than those 
of Cassell et al. (1973) (.24) and White and Vinson (1976) (.31). As 
was the case for rump, the fore udder and rear udder heritability esti-
mates of Thompson et al. (1980) (.13, .14) were lower than those of 
Ait chison et al. (1972) (.25, .25) although very similar to those of 
Rennie et al. (1974) (.15, .14). The same trend was seen with the trait 
center support (Table 2). It is important to note at this point that 
heritability estimates for udder traits from the later MAP data were 
lower than those from the early MAP data. This is important since herit-
abilities are specific for a population and time as was pointed out 
earlier. 
Table 2 shows the heritability estimates of feet and legs, two traits 
of great interest to dairymen, were disappointingly low. The estimates 
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ranged from .08 to .19. In the study by Aitchison et al. (1972), though, 
feet and legs were scored as one trait and the estimate of heritability 
was much higher than the others (.33). 
In summary, feet and legs have been found to be lowly heritable; 
udder traits, rump, back, and front have been reported as lowly to mod-
erately heritable; body, size, and scate were found to be moderately to 
highly heritable; and basic form has been shown to be highly heritable. 
Since the heritability estimates reported by Thompson et al. (1980) are 
most important as a base for this analysis, they should be examined 
separately. Thompson et al. (1980) found udder traits, feet, legs, rump, 
and back were lowly to moderately lowly heritable (.13 to .19); body, 
front, and scale were moderately to highly heritable (.34 to .55); and 
basic form was very highly heritable (. 96). 
Genetic and Phenotypic Correlations 
Heritabilities of type traits alone are not enough information to 
predict the genetic progress possible from a corrective mating program 
or even simple selection of breeding stock. The genetic correlations 
between traits are necessary to predict the response in one trait when 
selection is done on another. There may be a positive or negative re-
sponse or no response at all; in any case, this knowledge is needed in 
developing a breeding program. 
The genetic correlation between two traits is the correlation of 
the additive genetic portion of those two traits (Falconer, 1960). 
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It can be measured as the correlation of the breeding values of the traits 
in question . The phenotypic correlation is the observable association 
between two traits and it consists of the additive genetic portion of the 
covar iance and the remainder of the covariance which includes correlations 
between dominance deviations, interaction deviations, and environmental 
deviations (Falcone r , 1960). The genetic correlation is used to predict 
the correlated response of one trait with another in the formula of 
Falconer (1960) : 
whe r e 
CR ih h r op y x y a y 
CRy is the cor related response of trait y when selecting for trait x, 
i is the intensity of selection for trait x, 
h is the square root of heritability of the subscripted trait, 
r is the geneti c correlation of traits y and x, and 
a 
a is the phenotypic standard deviation of trait y. Py 
Table 3 contains the phenotypic and genetic correlations between 
type traits reported in four studies. Aitchison et al. (1972) reported 
only phenotypic correlations from the early MAP data. Basic form was 
found to have a negative correlation with every other trait scored. 
Since a basic form score of one represents a very angular animal and 
a score of one for any other trait represents a very desirable animal, 
this negative phenotypic correlation between basic form and other traits 
means thicker cows tend to be scored as more desirable in those other 
traits than more angular cows. All other correlations reported by 
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Table 3. Estimates of phenotypic and genetic correlations of type traits 
from the literaturea 
Basic 
form Size Scale Front Body Back 
Basic b -.08 -.29 -.18 -.01 
form -.4oc -.08 -.38 -.20 -.06 
__ d 
__ e 
Size 
.58 . 38 . 39 .12 
. 32 
Scale -.05 .26 .07 .16 
.17 .04 .08 
.34 .51 .20 
Front -.70 . 32 .26 .16 
.26 .10 
.62 .54 .25 
Body -.56 -.09 .56 . 26 
.14 
. 60 
• 77 .95 .26 
Back -.20 . 38 .50 .51 
• 29 .47 .44 
Legs -. 35 .03 • 41 .58 • 35 
.24 .39 .46 .16 
aPhenotypic correlations appear above the diagnonal and genetic cor-
relations are below the diagonal. 
bE . stirnate of Thompson et al. (1980). 
cEstimate of Aitchison et al. (1972). 
dE . stimate of Rennie et al. (1974). 
eEstimate of Cassel et al. (1973). 
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Feet & Rear Fore Center 
Legs Feet legs Rump udder udder Support Teats 
-.08 -.10 -.06 -.09 -.08 .04 .05 
-.12 -.12 -.16 -.12 -.01 
.13 .16 .10 .07 .01 
.11 .09 .06 .06 
.06 .08 .01 .03 .03 .02 
.11 .07 .05 . 05 .01 
.12 .13 .19 .14 .11 .04 .05 
.13 .09 .13 .09 .07 .04 .02 
.12 .14 .11 .08 .03 
.19 .16 . 25 .18 .14 .06 .07 
.14 .10 .14 .06 .08 .06 .02 
.03 .14 .03 .03 .02 
.12 .19 .13 .14 
.20 .18 . 26 .18 .14 .08 .07 
.08 .05 .19 .03 .03 .04 .04 
.10 .19 .oo .oo .03 
.10 .08 .26 .11 .11 .04 .08 
.41 .14 .15 .11 .10 .06 
.24 .20 .15 .09 .05 .08 
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Table 3 continued 
Basic 
form Size Scale Front Body Back 
Feet . 32 .12 .45 .52 .32 
.31 . 32 .44 .11 
Feet & 
legs 
.27 . 35 
Rump -.33 -. 36 .10 .42 -.03 
.38 .47 
.25 .51 .42 .34 
Rear -.12 -.09 .06 .02 -.28 
udder 
.31 .44 
.13 . 32 .20 .10 
Fore -.26 -.10 -.01 .01 -.29 
udder 
.20 .41 
.13 .20 .26 .10 
Center .04 .10 .16 .02 .19 
support 
.06 .11 .16 .09 
Teats .18 .18 -.15 -.32 -.07 
.12 .08 .14 .12 
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Feet & Rear Fore Center 
Legs Feet legs Rump udder udder Support Teats 
. 89 .12 .12 .08 .08 .OS 
. 11 .13 .12 .10 .OS .06 
.08 
.07 .15 .09 .06 
.03 . 14 .10 
.12 
.14 .10 .15 .13 .09 .08 
.13 .08 .05 
. 30 .20 . lS 
.48 .19 .22 .18 .09 .12 
.08 -.01 .24 . 42 . 33 .30 
.47 .28 
.S2 .S8 . 36 
.07 .18 .31 . 2S .2S .19 
.04 -.05 .31 • 72 • 31 .38 
. 39 
.46 .38 .S5 
.22 .30 .16 .50 .2S .34 
.24 .23 .02 .28 . 38 .46 
.13 .18 .13 .38 . 42 .23 
-.09 -.17 .02 .23 .50 .67 
. 21 .22 . 20 . 36 .S3 .42 
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Aitchison et al. (1972) were small and positive, mostly less than .20. 
The structural traits, front, size, scale, and body, were more highly 
correlated with themselves than with other traits. The same was true 
of udder traits. 
Thompson et al. (1980) found very similar results with the later 
MAP data. Again, basic form was negatively phenotypically correlated 
with all other traits except center support and teats which had very 
small correlations with basic form, .04 and .05 respectively. All other 
figures reported by Thompson et al. (1980) were very close in magnitude 
and direction to those reported by Aitchison et al. (1972). The pheno-
typic correlations between scale and front, body and front, and body and 
back were all .26. The udder traits were even more highly correlated 
with each other, ranging from .30 for rear udder with teats to .46 for 
center support and teats. Feet and legs, scored as one trait in the 
early MAP program, had a phenotypic correlation of .41 in the s tudy of 
the later MAP data by Thompson et al. (1980). 
The phenotypic correlations reported by Rennie et al. (1974) were 
all in agreement with those from the studies of MAP data, but those 
reported by Cassell et al. (1973) were generally larger than the other 
reports except for udder traits, feet with legs, and center support with 
legs which were slightly smaller. 
Genetic correlations reported by Thompson et al. (19 80), Rennie et 
al. (1974), and Cassell et al. (1973) were mostly larger than the pheno-
typic correlations reported in the same studies. Thompson et al. (1980) 
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reported negative genetic correlations between basic form and all other 
traits except feet, center support, and teats. Teats had a negative 
genetic correlation with several traits as did scale and back. There 
was no clear pattern to these correlations except that traits in close 
physical proximity were usually positively correlated. The results of 
the other studies were not in exact agreement with the report on the 
MAP data. Rennie et al. (1974) and Cassell et al. (1973) reported all 
positive and frequently larger genetic correlations than did Thompson 
et al. (1980). 
In sunrrnary, thicker cows tended to receive better (lower) scores 
for other traits and traits in close physical proximity (e.g. rear udder 
and fore udder) tended to be more highly correlated than traits farther 
apart physically (e.g. front and teats). 
Importance of Type in a Mating Program 
Body conformation has been receiving greater attention in breeding 
programs in recent years and dairymen seem to believe it is important 
to consider type. Type has become more useful in marketing dairy cattle, 
especially for the purebred producer. Porter et al. (1965) reported 
that emphasizing good conformation was one of several ways purebred cattle 
producers could demonstrate to potential customers their pride and enthu-
siasm in their product. However, to be profitable from a commercial 
standpoint, selection for type must increase milk production directly or 
indirectly, reduce replacement costs by increasing a cow's herd life, or 
increase the cow's resale value. 
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Evidence of good type increasing a cow's resale value is readily 
available. An analysis of Holstein cattle sales in 1958 showed the 
average price for classified cows was $521.21 and unclassified cows sold 
for $381.29 on the average (Prescott et al., 1960). Average prices were 
also reported for different types classes; these were: excellent--$1,139, 
very good--$706, good plus--$542, good--$461, and fair--$369. So select-
ing for good type may be profitable from a resale standpoint. The rela-
tionship of type to productivity and longevity is a more complex matter. 
At the very least, a nonantagonistic relationship between type and 
production must be present to obtain good results from a corrective mating 
program. A number of studies have reported favorable phenotypic and 
genetic correlations of overall rating for body conformation and milk 
yield. Phenotypic correlations of these traits have been reported as 
.08, .14, and .182 and genetic correlations were reported as .07, .08, 
and 0 by Tabler and Touchberry (1955), Wilcox et al. (1961), and Touch-
berry (1951), respectively. Harvey and Lush (1952) calculated the cor-
relation of transmitting ability for type and transmitting ability for 
milk production as .18 for Jersey cattle. 
In contrast, two other studies reported an unfavorable relationship 
between type and milk. In a study of 1,095 Holstein bulls, correlations 
between predicted difference (PD) milk and scorecard traits of the bull 
ranged from -.16 to -.14 except for dairy character which was .38 
(Grantham et al., 1974). Everett et al. (1976) calculated the correla-
tion of predicted difference type (PDT) cf sire and milk of 558,654 
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Holstein cows; they found the phenotypic correlation of these two traits 
was -.28 and the genetic correlation of the same two traits was -.32. 
Copeland (1941) found little or no relationship between conformation 
and milk producing ability. 
Working with 752 Holsteins scored in the early MAP program, Aitchison 
et al. (1972) reported the correlation of milk production and MAP traits. 
Most of the values were small and negative ranging from -.09 to .06 except 
for basic form with milk which was -.14. This meant angular cows tended 
to produce more milk than thicker cows. Besides this value, two others 
were significantly different from 0 (p<.05). These were scale (-.08) 
and body capacity (-.09). Since a lower score indicated a desirable 
animal, these negative correlations indicated desirable-type cows tended 
to produce more milk than cows with less desirable type. Thompson et al. 
(1980) did not calculate correlations of milk with MAP traits so no esti-
mates from the later MAP data were available. 
Based on these reports, it would be difficult to conclude that selec-
tion for type would also increase milk yield. These results are far from 
conclusive, however, and further studies may find more evidence of a 
positive relationship of the traits with each other. One problem with 
such reports is the various measures of type and milk producing ability. 
Referring to the work of Aitchison et al. (1972) with MAP data, it appears 
there is little relationship between most MAP traits and milk yield. 
This implies both milk yield and conformation must be included in the 
mating program to produce superior offspring. 
Longevity or stayability is of interest because the costs of raising 
replacement animals has risen proportionately more than income. Buffington 
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(1978) placed replacement heifer costs at $300 to $400 in 1968 and $1100 
to $1200 in 1978 while average cow turnover remained at 25-30% over the 
same period. If better conformation would lead to longer herd life, it 
would certainly be of interest to most dairy men as a possible method 
of lowering production costs by reducing the need for replacement heifers. 
The relation of type to longevity has been investigated in many 
different ways. Miller et al. (1971) used percent of sires' progeny 
with incomplete first lactation as a measure of longevity. They found 
the phenotypic correlations between various type traits and percent in-
complete first lactations ranged from -.10 to .02. Most of the correla-
tions were negative; this indicated heifers with better conformation 
tended to complete their first lactation although these were weak 
correlations. In a similar study, Grantham et al. (1974) found genetic 
correlations between several type traits and percent incomplete first 
lactations for progeny of 1095 Holstein bulls. These values ranged from 
-.24 to .09 which was again a weak relationship but tended to be in the 
right direction. The correlation of first classification score with 
herd life, measured as number of times classified, was reported as .2 
in a study by Specht et al. (1967). 
Van Vleck et al. (1969) used percent of cows in the herd for four 
or more lactations as a measure of herd life. The correlation between 
this measure and several type traits varied widely from -.24 to .38. 
Some traits found to be moderately positively correlated with this measure 
of longevity were head (.25), dairy character (.35), and teat position 
(.38). In a more recent study, stayability was defined as a binomial 
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variable indicating presence or absence in the herd at a given age 
(Everett et al., 1976). The phenotypic correlations between PDT of the 
sire and 36, 48, 60, 72, and 84 month stayabilities were -.09, -.10, 
-. 11, -.08, and -.06, respectively. Genetic correlations in the same 
order were -.11, -.14, -.15, -.11, and -.09. These figures indicated that 
cows whose sires had higher PDTs tended to leave their herds sooner than 
cows whose sires had lower PDTs. This was not so surprising though since 
the same study also found a negative correlation of PDT with production, 
and production has been reported as highly correlated with measures of 
stayability (Norman and Van Vleck, 1972; Van Vleck et al., 1969; Miller 
et al., 1971; Grantham et al., 1974). 
Another way to investigate the importance of type in keeping cows 
in the herd is to look at culling rates. O'Bleness and Van Vleck (1962) 
reported 2 to 4% of cows culled were for reasons related to type. In 
registered Jersey herds, Fosgate (1965) found 10.5% of the cows and 28% 
of the heifers were culled due to poor type. Poor conformation was the 
reason for disposal of 12% of Holsteins in Canadian herds (Burnside et 
al., 1970). Another report showed 14.4% of Holsteins were culled be-
cause of conformation (Van Vleck and Norman, 1972). Allaire et al. (1976) 
showed 8.4% of the cattle were removed from study herds primarily because 
of poor type. This figure increased to 17.2% as a secondary reason and 
20.8% as a tertiary reason. 
Culling rates are somewhat difficult to characterize because of 
the secondary and tertiary factors involved. As an example, consider 
a cow with leg problems. If the problem is severe enough to limit 
30 
mobility, production will probably drop, and she may be culled for poor 
production. Cases such as this probably make significant contributions 
to the high culling rates for production and reproduction (Burnside et 
al., 1970; Van Vleck et al., 1969; Allaire et al., 1976). In these 
studies, production was the most frequently listed reason for culling 
cows from the herd. Reproduction was second, and type was a somewhat 
distant third. Again, type may be much more important as a secondary 
and tertiary reason as indicated in the study of Allaire et al. (1976). 
In general, it seems there is a weak correlation between measures 
of longevity and type. Also, it appears the relationship is not antago-
nistic, so selection for type and longevity in a mating program would 
not be incompatible and should yield superior offspring. One method of 
considering longevity in a mating scheme would be comparing bulls on 48 
month stayability records of their daughters just as they can be compared 
on milk records of their daughters (Everett et al., 1976). 
While type is important in marketing dairy cattle and has been shown 
to increase their resale value, there is little evidence of a positive 
relationship between type and milk yield or type and longevity. Also, 
it is a distant third in importance in culling decisions. On the balance, 
it would appear the inclusion of type in a mating program would not be 
profitable to dairymen, especially those not concerned with selling cattle. 
Although this might seem to be a reasonable conclusion based on the 
evidence just presented, dairymen have drawn their own conclusions, per-
haps on evidence not considered by researchers. In general, they are 
still concerned with type. The best evidence of this is the growth of 
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corrective mating for type programs. More than 20 herd evaluation pro-
grams were available to dairymen in 1978 and more are on the way (Halsey, 
1978). Based on testimonials, the MAP program itself is very popular 
with dairymen using it; dollar volume grew 46.3% from 1975 to 1976 
(Thompson, 1978). As long as corrective mating programs do not affect 
selection intensity for production traits, they should not slow the rate 
of genetic improvement since assortative mating does not affect gene 
frequency as was mentioned previously. The programs have the potential 
to produce a better offspring, but there is little scientific evidence 
to aid dairymen considering the profitability of corrective mating. 
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DATA DESCRIPTION 
Records of cows scored in a corrective mating program, Mating 
Appraisal for Profit (MAP), were supplied by Midwest Breeders Cooperative. 
These data included 47,625 Holstein records collected between July 1, 
1975 and June 30, 1977, which were used in the MAP data analysis by 
Thompson et al. (1980). An additional 103,036 records collected from 
July 1, 1977 to September 30, 1979 were added to the original data set. 
The data consisted of Holstein cow and heifer records from purebred and 
grade herds in Iowa, Minnesota, Missouri, Nebraska, South Dakota, and 
Wisconsin. After the first analysi~ of MAP data by Aitchison et al. 
(1972), changes were made in the program so none of the data used in 
this preliminary analysis were included in the data used in the analysis 
by Thompson et al. (1980) or in this study. Table 4 describes the dif-
ferences in data collected in the different MAP programs. 
The purpose of the MAP program is to aid dairymen in selecting bulls 
for specific matings and also to provide type information on Midwest 
bulls. So the program is a service to the cooperative as well as the 
dairyman, and because of this only a small fee is charged to cover the 
expenses of the evaluator. A minimum of 25 cows must be scored for herds 
not previously scored, while repeat herds need only 15 cows. A cow 
scored once may be re-evaluated during subsequent herd evaluations, but 
a fee is charged only if her scores are changed by the evaluator. 
Heifers and dry cows are also scored at the herd owner's request. 
MAP evaluators first record the cow's sire and dam, then her parity 
and current days in milk. Identifying sires prior to scoring may introduce 
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Table 4. Comparison of traits in the MAP program evaluated by Aitchison 
(1971) versus those in the MAP program evaluated by Thompson 
(1978) through September 1979 
Aitchison (1971) 
Size 
Scale 
Front 
Body 
Top 
Feet & legs 
Rump 
Rear udder 
Fore udder 
Center support 
Disposition 
Milk out 
All above traits for all 
1. Outstanding 
2. Above average 
3. Average 
4. Below average 
5. Undesirable 
Basic form scored 
.1. Medium 
2. Slightly angular 
3. Slightly thick 
4. Very angular 
5. Very thick 
Thompson (1978) 
through September 1979 
Scale 
Front 
Body 
Back 
Legs 
Feet 
Rump 
Rear udder 
Fore udder 
Center support 
Teats 
data scored 
Basic form scored 
1. Very angular 
2. Slightly angular 
3. Medium 
4. Slightly thick 
5. Very thick 
bias into the valuation, probably by making sire progeny groups more 
uniform and thereby inflating sire variance estimates. Sire identifca-
tion after evaluation might reduce this source of bias. The evaluator 
may also request milk and fat production information for the cow at this 
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point since these factors are considered in choosing prospective mates. 
With the above information recorded, the cow is next scored on 12 
conformation traits; the method of scoring these traits is given in Table 
4 and the descriptions of factors considered for each trait are listed 
in Table 5. Cows which received below average scores (four or five) 
for the traits front, legs, feet, rump, rear udder, fore udder, or teats 
also received descriptive subscores to record more exactly the nature 
of the problem. Subscore descriptions for the traits are found in Table 6. 
Unlike the official HFAA type classification program, cows did not 
receive a final score in the MAP program. The scores and subscores of 
these 12 traits are used by evaluators to reconnnend specific matings which 
will, it is believed, yield offspring superior to their parents. In 
selecting the appropriate bulls for a cow, basic form is considered first; 
angular bulls are recommended for thick cows, and thick bulls are recom-
mended for angular cows. This is negative assortative mating, also 
known as corrective mating. After basic form, the worst fault of the 
cow is considered. The worst fault could have been any of the eleven 
traits other than basic form, or it could also have been production, fat 
percentage, or crampy. Given the basic form consideration, three bulls 
are chosen which are known to sire progeny strong in the major area of 
weakness of the cow. As far as possible, bulls are selected to correct 
many of the cow's other faults, too. In practice, it is difficult to 
match mates perfectly when so many traits are being considered, so pri-
mary emphasis is on basic form, secondary emphasis is on the cow's worst 
fault, and tertiary consideration is given to the cow's other traits. 
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Table 5. Description of the 12 type traits used in the MAP program be-
tween July 1, 1975 and September 30, 1979 
Trait and description of factors considered in scoring 
Basic form -- refers to the relative angularity or thickness of the cow. 
Scale 
Angular characteristics include long, narrow head; long, lean neck; 
extreme sharpness of shoulder; narrow chest; tendency to weakness 
behind shoulder and shallowness of heart and body; prominence of 
hooks and pins; flat, light bone; flat, clean thighs; general lack 
of excess tissue; good udder quality. 
Thick characteristics include short, wide head; short, thick neck; 
heavy at top of shoulders; good width of chest and excess brisket; 
tend toward round, shallower rib; round, heavy bone; thick thighs; 
tendency to excess tissue throughout; general lack of quality, in-
cluding udder. 
pertains to the overall height or upstandingness of the animal. 
Fron~ includes the head and neck, the shoulders and how they blend to 
the rest of the body. The height of the shoulders in relation to the 
rest of the animal. The heart, which includes the width and depth of 
the chest cavity from the tip of the shoulder to the floor of the 
chest. 
Bod~ -- primarily, body includes depth or length of rib in relation to 
the rest of the animal. Also, spring of rib and length of body 
which contribute to total capacity is considered. 
Back -- refers to strength of loin, straightness and strength of back from 
the hips forward. 
Legs -w bone flat and strong, hocks cleanly moulded; fore legs medium in 
length, straight, wide apart, and squarely placed; hind legs nearly 
perpendicular hock to pastern from the side view, straight from the 
rear view. 
Feet -- short, compact and well-rounded with deep heel and level sole. 
Pasterns short and strong. 
Rump -- includes hip and pin width. Straightness and flatness of rump. 
Also considers height or rigidness, smoothness and degree of 
coarseness. 
Rear udder -- width and height of rear udder attachment, general symmetry 
and rear teat placement. Also, rear udder depth and levelness in 
relation to fore udder. 
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Table 5 continued 
Trait and description of factors considered in scoring 
Fore udder -- length and attachments to body wall. Width in relation to 
the rear udder. Placement of teats and levelness in relation to the 
rear udder. 
Center support -- prominence and apparent strength of the center suspensory 
ligament and halving of the udder. Plumbness of the teats. Includes 
the overall quality and texture of the udder. 
Teats -- uniform size, of medium length and diameter, cylindrical, squarely 
placed under each quarter, plumb, and well-spaced from side and rear 
views. 
Also, the dairyman may require a minimum production level or fat test for 
all bulls recommended as mates for his cows. He may also use a bull other 
than one of the three recounnended if he disagrees with the evaluator. 
The MAP data included Dairy Herd Improvement Association (DHIA) codes 
which indicated the state, county, and individual herd identification. 
To supplement the MAP data, a list of the herds included in the data was 
sent to the United States Department of Agriculture (USDA) in Beltsville, 
Maryland. The USDA returned production information for the listed herds. 
These production data consisted of 203,447 records which included sire 
and dam identification, birth date, and production information for all 
lactations. These records were added to the main file of MAP data as 
described in the following section, Materials and Methods. 
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Table 6. Descriptions of trait subscores 
Trait and subscore description 
Front end -- 1. low front, 2. wing shoulders, 3. narrow front, 4. weak 
crops, 5. coarse. 
Legs -- 1. too straight, 2. too much set, 3. hocks in, 4. stance, 5. toes 
out in front. 
Feet -- 1. shallow heel, 2. spread toes, 3 . faulty pasterns, 4. toes 
curl. 
RuIEE_ -- 1. high tailhead, 2. sloping, 3. ridgy, 4. narrow. 
Rear udder -- 1. low attachment, 2. narrow attachment, 3. uneven curvature, 
4. too deep-tilted, 5. too shallow tilted. 
Fore udder -- 1. weak attachment, 2. bulgy and loose, 3. too deep-tilted, 
4. too shallow-tilted, 5. too short. 
Teat~ -- 1. wide front teats, 2. too large or long, 3. poorly shaped, 
4. back too far, 5. too close on side, 6. teats strut. 
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MATERIALS AND METHODS 
Data Preparation 
A great deal of editing, sorting, and combining of records was neces-
sary to prepare the MAP data for analysis. Editing for obvious errors, 
such as characters in numeric fields, and removing as many duplicate 
records as possible reduced the data from 150,661 to 132,791 records. 
This represented a loss of approximately 12% of the original data 
supplied by Midwest Breeders Cooperative. It should be noted that 47,625 
of these records, those from herds evaluated prior to July 1, 1977, fanned 
the data set used by Thompson et al. (1980) in an earlier study of the 
MAP program. These data, which were about 36% of the total data, were 
already edited, so most of the records lost through editing were from 
herds scored after July 1, 1977. 
The edited records were sorted by DHIA herd and cow identification 
so they could be matched with the cow's corresponding production infor-
mation from the USDA data set. The USDA file was sorted in the same 
order, and the records from each file were compared to find matches for 
herd and cow identification. Since the USDA records contained more infor-
mation than was needed for this analysis, only the pertinent information 
was transferred to the MAP record once a match was found. This created 
one file with both MAP program information and USDA production information. 
In all cases, the MAP information formed the skeleton of the records 
because USDA production information was not available for all records. 
In fact, just 48,934 records (38%) had production information. This 
information included dam and sire identification, age at first calving, 
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date of last calving, parity, number of days milked three times a day, 
milk and fat production, days open, and lactation termination code. 
Milk and fat for only the first lactation was kept. If the lactation 
was in progress, it was projected to a 2X, 305 day record according to 
factors developed by McDaniel et al. (1965). 
Date of birth was also available in the production data. When it 
was subtracted from date of last calving, the difference was the number 
of months the cow was in the herd. This was used as a measure of stay-
ability or herd life. If this figure was greater than 36, the cow re-
ceived a one for 36 month stayability, otherwise she received a zero. 
Similarly, if the figure was greater than 48, the cow was given a one 
for 48 month stayability, otherwise she was scored as zero. These are 
binomial variables, but they are not independent of each other since a 
cow must be zero for 48 month stayability if she was scored zero for 36 
month stayability . These variables were added to the end of the combined 
records while ea c h was being created. Al though the problem was not dis-
covered until the analysis was being done, stayabilities were not contigent 
on the cow having an opportunity to establish a stayability record. This 
problem is discussed more completely in the Results and Discussion section. 
Next, a herd-year-season variable was created by combining the 
Midwest Breeders herd code with year of evaluation and a season code 
for month of evaluation. Season one included May through September. 
Season two included October through April. 
To make computations easier, every cow was checked to see if her 
dam also had a MAP record, and if so, much of the dam's MAP and produc-
tion information was added to the cow's record. The result was one long 
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record with all information available to do the analysis. Computations 
were facilitated mostly because the information was all in one file, 
so information did not have to be combined from different files within 
the separate computer programs. About 11% of the cows had dam informa-
tion available, and about half of these records, or 6% of the total, also 
had production information available for the dam. 
With the dam's information added to the cow's record, it was possible 
to create an important variable, the mating classification variable. 
This was a trinomial variable which characterized cows as one of three 
types of progeny: (1) unknown mating, which meant nq_ dam information 
was available; (2) nonrecornmended mating, which meant the dam was scored, 
but not mated to a recommended sire; and (3) reconnnended mating, which 
meant the scored dam was mated to a recommended sire. Of the 14,444 cows 
(11%) whose darns were scored in the MAP program, 946 were progeny of 
recommended matings. This number represented 6.5% of the cows whose 
dams had been scored, and 0.7% of the total records. 
Heifers would not have parity, stage of lactation, or valid mammary 
trait scores. Because of this, the data were divided into a heifer and 
cow subset. This facilitated subsequent analyses. There were 4436 
heifer records (3.3 % of the total) in one subset, and 127,455 records 
of dry and lactating cows in the larger subset (96.7% of the total). 
These data sets were analyzed with separate models shown in the later 
subsection, Models. 
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Analysis Procedure 
This subsection will show the general procedure, iterative MINQUE 
(Minimum Normal Quadratic Unbiased Estimates), described by Schaeffer 
and Burnside (1974) used to analyze the data with the models given in 
the following subsection. This procedure was used because it provided 
for the simultaneous estimation of fixed and random effects as well as 
the variance associated with the random effects in the models. 
First, assume the following general model: 
where 
xl' x2 and z are known design matrices; 
b 1 and b 2 are unknown vectors of fixed effects; 
u and e are unknown vectors of random effects; 
with expectations 
[1 
The mixed model 
[X1'X1 Xl'Xz 
Xz'Xl Xz'Xz 
z'x Z'X 1 2 
[y~·1 and Var J 
equations are: 
X 'Z] [;~ 1 X 'Z Z'~+Ir [X1'] X 'Y 2 Z'Y 
Z'G 
G 
0 ~] 
(1) 
(2) 
Assume b 1 relates to a fixed effect in the model which is absorbed alge-
braically to reduce the size of the normal equations. The normal equa-
tions after absorption are then: 
where 
r = 21 2 0 0 
e u 
2 is the 0 
e 
2 is the 0 
u 
X ' QZ ] 
Z':Z+Ir 
' 
error variance, 
sire variance. 
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[
x 'Ql Z~QY (3) 
and 
The generalized inverse of these reduced normal equations would be 
of the form: 
so the solutions are 
[
x;QyJ 
Z'Qy 
(4) 
As x;Qx2, x;Qz, and Z'QZ are formed, y'Qy can also be calculated as: 
IQ t I ( I )-1 I Y Y = Y Y - Y xl x1x1 xly 
This is the total sum of squares minus the herd-year-season sum of 
squares. The degrees of freedom for this sum of squares is the total 
number of records , N, minus the number of herd-year-seasons, h. The 
quantity, y'Qy, is necessary to obtain the variances of the random 
effects with the following quadratic forms: 
where 
where 
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" " 
s2 u'ur 
sl is the error sum of squares and 
s2 is the sire sum of squares. 
The expectations of these quadratic forms are 
E(S1 ) (N - h - p + 
2 2 
p 2r )a e + 2 r (Pl 2 P2r)ou 
2 2 2P 1 r + r 2r )au 
p is the rank of the reduced fixed equations, 
S is the number of random elements in u, 
pl is the trace of c22' 
p2 is the sum of squares of all elements of c22 or 
In this analysis, as in most, r was unknown, but a 
(6) 
(7) 
(8) 
(9) 
tr c 22 
2 
very close 
approximation was available from the previous MAP analysis by Thompson 
2 2 (1978), where a and a for heifers and cows were estimated. In the 
u e 
procedure described above, the new estimate of r from the first round 
of iteration is substituted in place of the approximated value, and 
the iteration would continue until there is little or no change in r 
from the previous round. This is usually 5 to 10 rounds of iteration 
depending on how close the initial value is to the true value (Schaeffer 
and Burnside, 1974). In this analysis, r values for cows and heifers 
were thought to be estimated accurately from the earlier analysis 
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(Thompson, 1978), particularly since all of the data used to obtain the 
estimates were included in this analysis. It was assumed further itera-
tions would cause little change in the estimates. Under this assumption, 
only one round of iteration was completed. 
For all of the models used in this analysis, including the staya-
bil ity models, the absorbed effect was the MWB herd-year-season effect. 
Since herds are scored by only one evaluator, evaluator effect was absorbed 
along with the herd-year-season effect. In the absorption process, least 
squares equations for the absorbed fixed effect are solved for in terms 
of the other effects in the model. This result is next substituted into 
the remaining least squares equations . At the same time, the procedure 
is performed on the right hand sides. 
Absorption is accomplished in practice as the herd-year-seasons 
are read sequentially into the computer as shown by Lentz et al. (1969). 
Here the data were sorted in order of herd, year, and season, then read 
into the computer one record at a time. Rindsig (1976) has shown alge-
braically how the absorption is accomplished at the end of a herd-year-
season. As the records were read, the total sum of squares was accumu-
lated. At the end of each herd-year-season, the sum of squares for that 
herd-year-season was removed from the accumulated total. This corrected 
total was accumulated over all herd-year-seasons to get the within 
herd-year-season sum of squares. 
The same computer program also built the sire coefficients and 
remaining fixed effect coefficients. The next several programs built 
these coefficients into a half-stored matrix of the form shown in 
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Equation 3 above. The right hand side coefficients were built into 
I 
a matrix at the same time. The x2qx2 matrix was then of the order 
equal to the total number of levels sununed over all nonabsorbed effects 
in the model. This meant the matrix was singular, so solutions for 
the effects in the model did not have a unique linear function of 
differences. Some sort of restriction was necessary to yield a non-
singular matrix which could be solved directly. There are many possible 
restrictions which could have been employed. Two types of restrictions 
were used for the fixed effects matrix in this analysis . Genetic group 
of sire was a nonabsorbed fixed effect found in all models in the 
analysis. The sum of the group effect estimates was forced to equal 
zero. For all other nonabsorbed fixed effects, one level of the effect 
was set equal to zero. 
With these restrictions, the X'QX matrix would not have been singu-
lar so a unique solution was possible. The fixed and randrnn effect 
estimates were obtained by inverting the matrix directly and solving 
as shown in Equation 4. In this last step, the sire and error variances 
were also obtained by using Equations 6 and 7 above. This basic process 
was the same for all six models used in the analysis. Detailed descrip-
tions of the specific models, how they were analyzed, and the information 
obtained from each is found in the next subsection, Models. 
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Models 
Six models were used in the analysis of the data. All the models 
fit the pattern of the general model described in the previous subsection. 
These six models were really two variations of three models. Basic 
form score was evaluated as the dependent variable in four models. 
One model was used to analyze basic form score as a trait of heifers, 
and another model was used to analyze the same trait for cows. Slightly 
different versions of each of these models, which included sire transmit-
ting ability (TA) for milk yield as a measure of production level, were 
used to analyze the same traits. Stayability of cows was also considered 
a dependent variable, and two models were used to analyze it; one model 
included sire production level and the other did not. In swmnary, basic 
form scores of heifers and cows were analyzed with and without sire TA 
for milk yield taken into account, and stayability was also analyzed 
with and without this extra sire information in the model. 
One underlying problem in the assessment of a corrective mating 
program is that sire selection and corrective mating are both involved 
in the improvement that is possible. Separation of sire selection and 
corrective mating contributions is necessary to determine the influence 
of a particular mating scheme on the cow's type scores, production, and 
stayability. The dual analysis for each subset of data as described 
below was used to separate these effects. 
The model, with sire TA for milk yield, chosen to describe factors 
affecting cow basic form score included the following effects: herd-
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year-season, sire genetic group, sire, mating classification, parity, 
days in milk, regression of sire predicted difference (PD) for milk 
on basic form, and error. Seasons were nested within years which were 
nested within herds. These variables were considered as one fixed effect 
which was not of particular interest in this analysis so it was absorbed 
algebraically. This , in essence, absorbed evaluator effect, too, because 
it was completely confounded with herd effect. 
Sire genetic groups were formed according to the year the bull 
entered active service at Midwest Breeders Cooperative. If this infor-
mation was not available for a sire, the sire was placed in a group by 
Midwest Breeders sire identification number, which was assumed to be 
highly correlated with the year the bull entered active service. Many 
cows had no sire information at all; these unknown sires were all placed 
in one group and included in the evaluation. Sire groups were fitted 
as a fixed effect to measure genetic trend. Sires themselves were con-
sidered a random effect. To obtain sire TA for basic form from this 
model, the sire solution is added to the genetic group solution of the 
sire's group. 
Mating classification was fitted as a fixed effect as previously 
described. Parity was also a fixed effect in the model; three parity 
groups were considered. These were (1) first parity, (2) second parity, 
and (3) third or later parity cows. Days in milk was a fixed effect 
since it was divided into eight classes: six classes for 30 day inter-
vals from 0 to 179 days in milk, a class for all cows past 179 days in 
milk, and a class for dry cows. 
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The covariate in the model was the sire's PD for milk. Since pri-
mary sire selection is for PD milk, adjustment for this selection was 
included in the model to allow a comparison of mating categories which 
is the additional contribution beyond sire TA for milk. If the dependent 
variable is basic form, the regression coefficient represents the unit 
change in basic fonn score per pound of genetic merit of the sire for 
milk. 
The model described above would appear as: 
y. "kl i] mno µ + HYSi + Gj + Sjk +Ml + Pm + Dn + b(Xk-X) 
+ e. "kl i] mno (1) 
where 
Y · b · f of the oth · h h th d · "lk ""kl is asic onn score cow wit ten ays in mi iJ mno 
1 th . 1 1th . . d b h c ass, m parity c ass, mating type category, sire y t e 
kth bull in the jth genetic group, and evaluated in the ith 
herd-year-season; 
µ is the underlying population mean; 
HYS is the effect of the ith herd-year-season; 
G. is the effect of the jth sire genetic group; 
J 
Sjk is the effect of the kth sire in the jth sire group; 
M1 is the effect of the 1th mating category; 
p is the effect of the th parity class; m 
m 
D is the effect of the th days in milk class; n 
n 
b is the regression coefficient for the regression of the k th sire's 
PD milk (~), and X is the mean of PD milk for all sires; and 
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e .. 1k is an error tenn which is normal and independently dis-lJ mno 
2 
tributed with mean zero and variance cr • 
e 
The model to evaluate basic form without accounting for sire PD 
milk was exactly the same as Model 1 with the regression term removed. 
The purpose of using these models was twofold: (1) to describe factors 
affecting cow basic form score and (2) to obtain estimates of sire TA 
for basic form. Transmitting abilities were not available from Midwest 
Breeders although the genetic standard deviation for basic fonn was. 
The sire TA estimates were divided by basic form genetic standard devi-
ation to express them in standard deviation units. Based on these 
values, sires were divided into four discrete classes and given a score 
similar to cow basic form score. Sires scored a one produced angular 
offspring and those scored four produced thick offspring. Crow and 
Kimura (1970) have shown how the product-moment correlation may be 
calculated between the parents to measure the degree of assortative 
mating for a trait . 
Using both models allowed the comparison of the differences between 
mating category in two different manners: (1) adjusted for selection 
of sires for PD milk, which compares the effect of the mating scheme, 
and (2) unadjusted for selectivity of sires for PD milk, which compares 
the joint effect of selectivity of sires for PD milk and the mating 
scheme. 
The model used to describe heifer basic form score was similar to, 
but simpler than, the cow model since there were no parity and days in 
milk effects to include. The model with the regression term was: 
so 
Y .. kl =µ+RYS.+ G. + s.k +Ml+ b(X. -X) + e .. kl (2) lJ m i J J ~K lJ m 
where all effects are exactly the same as described for model (1). The 
only difference in the models is that parity and days in milk classes 
were omitted. 
The model without the sire PD covariate was just as above with 
the regression term omitted. As was the case for cows, these models 
provided effects of the various factors on heifer basic form score as 
well as sires' basic form TA's. Also, the use of both models provides 
complete comparisons of mating categories. It should be noted that 
the sires of heifers and cows were considered two separate groups for 
analysis purposes even though most heifer sires were also in the cow 
sire group. This was done so the degree of assortative mating for heifer 
parents could be calculated with the sire TA estimates from the heifer 
basic form model which would be more appropriate than using those 
obtained from the cow model. 
When stayability of cows was evaluated, parity and days in milk 
effects were not appropriate just as they were not appropriate for the 
heifer models. This meant the models for stayability were just the same 
as those for heifers . For both models, 36 and 48 month stayabilities 
were analyzed separately rather than as multiple right hand sides in 
the general model previously described. This was done to make actual 
computations easier; fewer changes in the computer programs written to 
analyze basic form scores were necessary. 
The main purpose of these models was to make comparisons of mating 
categories. Again, using both models allows these comparisons to be 
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made when the mating scheme is separated from sire selection and when 
over all improvement is considered. 
Analysis Procedure to Obtain Genetic Correlations 
Al l six models described previously provided sire TA estimates 
for the trait being evaluated as well as estimates of other effects. 
Relationships of stayability with basic form were evaluated by calcu-
lating product-moment correlations between the estimated TA 1 s. Because 
heifers had no stayability scores, they were not included in this part 
of the analysis. Genetic correlations of interest were 36 month stay-
ability with 48 month stayability, 36 month stayability with basic 
form score, and 48 month stayability with basic form score. Also of 
interest were the correlations between TA estimates from models which 
were identical with the exception of sire PD milk being included in 
one as a covariate. Correlations were estimated for all possible combi-
nations of TA estimates from the basic form, and 36 and 48 month stay-
ability models with and without sire PD milk included as a covariate. 
A total of 15 correlations were estimated. 
This was done with methodology Calo et al. (1973) developed to 
adj ust product-moment correlations to their genie expectation (genetic 
correlations). The product-moment correlation (r1 , 2) is adjusted to 
its genie expectation (r ) as follows: 
Gl 2 
' 
where 
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b . . = n .. I In . . + (a 2 I a 2 ~ ; 
iJ iJ L' iJ ei sij 
. h ff . b f f h .th . . . n .. is tee ective num er o progeny or t e J sire on trait i; 
iJ 
n is the number of sires. 
s 
It should be noted that correlations were calculated between TA estimates 
already adjusted for genetic trend. 
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RESULTS AND DISCUSSION 
MAP Trait Means and Standard Deviations 
Means and standard deviations, though simple statistical tools, 
are presented in this subsection to better describe the nabure of the 
MAP traits evaluated in this study. Means and standard deviations from 
Thompson (1978) and Aitchison (1971) plus the corresponding values 
from this study are listed for comparison in Table 7. For each study, 
the results shown were calculated using all records. Also, it is 
important to remember all records used in the study by Thompson (1978) 
were included in this study's data set. 
There was no clear trend in the trait means from study to study, 
although they generally had the same relative positions within studies. 
Overall, there was no great difference in the means reported in these 
studies, but there were some interesting features to note. One was 
the .29 increase in the mean basic form score from the first study 
(Aitchison, 1971) to this one. This indicates the cows in this data 
set were scored as thicker cattle than those in the earlier data. 
For all other traits, lower scores were given to desirable animals, 
so a lower trait mean indicates cows scored better than those in other 
studies. Cows in this study's data set received the worst scores for 
rump (3 . 16). Legs and feet received the next highest scores (3.08 and 
3.01 respectively) . The cattle were scored most desirable in body 
capacity (2.52) and center support (2.66). 
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Table 7. Overall means and standard deviations for MAP traits 
Means Standard deviations 
Present Thompson Aitchison Present Thompson Aitchison 
Trait analysis (1978) (1971) analysis (1978) (1971) 
Basic form 3.29 3.22 3.00 .74 . 74 .96 
Scale 2.80 2.89 2.81 .84 .86 .86 
Front 2.82 2.73 2.93 .80 .84 .80 
Body 2.52 2.59 2.52 .75 .78 .76 
Back 2.70 2.71 2.79 .80 .88 .89 
Legs 3.08 3.00 .86 .90 
Feet 3.01 2.99 .76 .78 
Feet & legs 3.15 .89 
Rump 3.16 3.13 3.11 .82 • 88 .86 
Rear udder 2.97 2.92 3.01 . 83 . 86 . 86 
Fore udder 2.95 2.95 3.13 • 80 . 85 .81 
Center support 2.66 2.87 2.69 . 74 . 72 .76 
Teats 2.95 2.95 .82 . 84 
The standard deviations of means were equal to or slightly less 
than those reported earlier (Thompson, 1978; Aitchison, 1971) except 
for center support which was .02 higher in this study than reported by 
Thompson (1978). The standard deviations of all three studies were 
within .09 units of each other except for basic form which was .74 for 
both this study and Thompson (1978), but . 96 for Aitchison (1971). 
Since the MAP data were analyzed as heifer and cow subsets, the 
means and standard deviations of these two groups are compared in Table 8. 
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Because the cow data accounted for 96.7% of the total data, the cow 
values in Table 8 were nearly identical to the values shown in Table 7. 
The heifer and cow trait means, however, were somewhat different. 
Heifer basic form mean score was .09 higher than the cow's mean for 
basic form score, which indicates the heifers were scored as thicker 
animals than the cows. 
Less than 25% of the heifers were scored for mammary traits, and 
even these were of questionable validity, so means and standard devia-
tions of these traits are not reported for heifers. Of the seven re-
maining traits, scale and body capacity means were about the same for 
both groups while heifer means were .08 or more higher than cow means 
for back and rump scores. Heifer means were at least .10 less than 
cow means for front, legs, and feet. Despite these differences, the 
three traits with highest means, excluding basic form, were the same 
for both groups (rump, legs, and feet) as was the trait with the lowest 
mean (body capacity). 
The standard deviations of heifer scores were smaller in all cases 
than those for cows. Thompson (1978) reported the same trend earlier. 
Worst Fault Frequencies 
Frequencies of worst fault categories were of interest in this 
analysis because worst fault was considered in sire recommendations 
once the basic form criterion was met. For the cow's worst fault, an 
evaluator may have selected one of the 11 MAP traits other than basic 
form: feet (FE), legs (LG), front (FR), back (BK), body capacity (BD), 
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Table 8. Means and standard deviations of MAP for cow and heifer data sets 
Means Standard deviations 
Heifer Cow Heifer Cow 
Trait data data data data 
Basic form 3.37 3.29 .65 . 74 
Scale 2.82 2.79 . 79 .85 
Front 2. 72 2.82 . 74 .80 
Body 2.51 2.52 .67 .76 
Back 2.81 2.70 • 77 .80 
Legs 2.96 3.09 . 84 . 86 
Feet 2.86 3.02 .71 .76 
Rump 3.25 3.17 .74 .83 
Rear udder 2.97 . 84 
Fore udder 2.95 .80 
Center support 2.66 .74 
Teats 2.95 .82 
scale (SC), rump (RM), rear udder (RU), fore udder (FU), teats (TT), 
or center support (CS). In addition, the worst fault may also have 
been fat test (FT), milk production (PD), or crampy (CR). 
Figure 1 shows the frequency and relative frequency of the worst 
fault categories for the cow subs et. There were 10,614 cows (8.3% of 
the total) that either had no worst fault upon evaluation or simply had 
no score for worst fault; these records were removed before calculating 
the frequencies shown in Figure 1 so they were based on a total of 
116,841 records (91.7% of the total) which had a worst fault score. 
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The most noticeable feature of this figure is the relatively high 
frequency of legs as a cow's worst fault. Legs were listed as the worst 
fault for 19,776 cows (16.9%) while the next six most frequently listed 
worst faults occurred at about an equal rate, ranging from 8.5 to 9.6% 
of the cows. These six worst faults plus legs accounted for about 75% 
of the cows with a worst fault. Cows generally had few problems with 
body capacity (1.9%) and crampy was very rarely listed as a worst fault 
(0.2%). 
These results were in agreement with the means for cow MAP scores 
shown in Table 7. Generally, the traits with higher means, -which is less 
desirable, were more frequently listed as worst faults than traits which 
had lower means. In fact, the five most frequently listed worst faults 
were also the traits with the five highest mean scores, although they 
were in different orders. 
Production was listed infrequently as a worst fault. One possible 
reason for this is the fact that the MAP program attempts to correct 
poor conformation in cows after milk production is considered. All 
recommended sires have been selected for milk production. Although fat 
test is listed fairly frequently as a worst fault, this may be a reflec-
tion of current market situations -which favor a higher fat test. 
Since the worst fault is considered second to basic form in recom-
mendations of sires, it is important to consider heritabilities of the 
worst fault traits shown. Basic form has been reported as highly herit-
able (Thompson, 1978; Aitchison, 1971), so improvement in basic form 
scores would be expected when it is considered first in the mating scheme. 
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Unfortunately, only two of the seven most frequently listed worst fault 
traits have been reported as moderately to highly heritable. The 
heritability of scale was estimated as .55 (Thompson, 1978), and fat 
test heritability estimates ranged from .50 to .60 in a surrnnary of several 
studies (Rice et al., 1970). Heritability estimates of the other traits, 
legs , fore udder, rump, feet, and rear udder, are all less than .15 
(Thompson, 1978), so rapid improvement of these traits would not be 
expected. 
Figure 2 shows the frequencies and relative frequencies of heifer 
worst faults. It is difficult to compare it to Figure 1 because over 
70% of the heifers had no worst fault or no score listed for worst fault. 
Also, heifers cannot be properly evaluated for mammary traits, milk 
production, or fat test. Figure 2 does show the very high frequency of 
legs listed as a worst fault of heifers. Just under 25% of all heifers 
with worst fault scores had legs listed as their worst fault. This trait 
plus rump, scale, and feet accounted for the worst faults of 64% of all 
heifers with a worst fault score recorded. 
Again, the trait means reported in Table 8 were in agreement with 
these results. The four traits with the highest means from the heifer 
subset were the same most frequently listed worst faults discussed above, 
although they did not rank the same relative to one another. 
Characterization of Matings as Practiced 
Although the MAP program is a corrective mating plan designed to 
improve conformation of dairy cattle, previous analyses have not attempted 
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to measure the degree of corrective mating actually practiced by dairymen 
enrolled in the MAP program. Evaluation of the program's merits is not 
appropriate without some knowledge of the bull and cow matings chosen 
by dairymen. 
Basic form is a trait for which both phenotypic extremes are un-
desirable, so mating phenotypic opposites is appropriate to obtain the 
desirable intermediate animals, i.e . between very thick and very angular. 
For all other traits, the undesirable phenotype is at the opposite end 
of the scale from the undesirable type, so best-to-best mating, a form 
of positive assortative mating, is most appropriate to improve these 
traits in the offspring. In actual practice, it is not possible to find 
bulls which are desirable in all 11 traits besides basic form, especially 
when TA for milk production is considered first. If such bulls were 
available, dairymen would only need to match bull and cow pairs as 
opposites in basic form. Since bulls and cows both have conformational 
weaknesses, the MAP program is used to insure that, after as much selec-
tion as possible is done for conformation, a cow is mated to a bull 
strong in her main area of weakness, which is the worst fault trait in 
the MAP program. 
The MAP program actually attempts to correctively mate animals 
for basic form and worst fault trait with as many best-to-best pairings 
as possible for the other 10 MAP traits. Because negative and positive 
assortative matings both should have occurred for the 11 traits other 
than basic form and because of the tremendous amount of computer 
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programming necessary to measure the degree of assortative mating, the 
calculations were done only for basic form. 
Crow and Kimura (1970) have shown the product-moment correlation 
between parents may be used to measure the degree of phenotypic assorta-
tive mating . To calculate this correlation, bulls' scores for basic 
form, which were not available from Midwest Breeders, were estimated. 
When the models described previously were applied to the data subsets, 
estimates of sire TA's for basic form were obtained. The actual sire's 
estimate was added to his genetic group estimate from the same model 
to yield an estimate of a sire's TA for basic form adjusted for genetic 
trend. These values were on a continuous scale unlike the five discreet 
classes of cow basic form scores . In order to give the bulls scores 
similar to the cows, the estimated TA' s were divided by the genetic 
standard deviation of basic form score which was provided by Midwest 
Breeders. 
Once all sires' basic form TA' s were expressed in standard devia-
tion units, they were divided into four groups and given scores as 
follows: bulls below -0 . 5 standard deviations were scored one, bulls 
between -0. 5 and 0. 0 standard deviations were scored two, bulls between 
0. 0 and 0 . 5 standard deviations were scored three, and bulls over 0. 5 
standard deviations were scored four . Lower scores indicate the bull's 
progeny tended to be angular, and higher scores indicate the progeny 
of the bull tended to be thick. Bulls with low scores should have been 
mated to cows with high scores to produce offspring intermediate for 
basic form . 
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Although the models applied to the cow and heifer data sets pro-
vided sire basic form TA estimates with and without sire PD as a covari-
ate, only the estimates from the model without the covariate were used 
in the calculations in this section, otherwise the calculations would 
hav e been almost unmanageable to perform and report. 
Only rec ords of animals with sire and dam basic form scores could 
be inc luded in the calculation of degree of assortative mating. This 
excluded all cows and heifers from unknown matings. The remaining cows 
and heifers, which had sire and dam basic form scores, were divided accord-
ing to mating classification into reconnnended and nonrecommended mating 
groups. The original goal of this analysis was to examine progeny result-
ing from a recommended mating but the small number in this group made 
this unfeasible (O . 73% of the to ta 1 records). 
It was believed that dairymen often use the MAP scores to make mat-
ings of their own choice. There are several reasons why this may occur. 
One problem for the dairyman is a possible time lag between date of evalua-
tion and the nex t breeding of the cow, especially since herds are usually 
evaluated once every two to three years. Another problem is availability 
or price of semen from recommended bulls. Also, some dairymen have a 
practice of mating a certain percentage of their cows to young sires. 
The cows and heifers from nonrecommended matings were analyzed in 
the same manner as the cows and heifers from recommended matings to 
determine if dairymen were using the MAP information to practice correc-
tive mating and to compare results of the two groups. 
64 
Once sires were given basic form scores, all cows and heifers 
with sire and dam information could be placed in the cells of a table 
according to their sire's and dam's scores (Tables 9 through 12). These 
tables contain all the information necessary to calculate the correla-
tions between parents basic form score. 
Before doing these calculations, it was appropriate to do a chi-
square test on the cell counts first. This would essentially test the 
null hypothesis that random mating of sires and dams is taking place 
versus the alternative hypothesis that mating between sires and dams is 
nonrandom. If the null hypothesis is not rejected, then measuring the 
degree of assortative mating would make no sense because it is distinctly 
different from random mating. 
The results of the chi-square test are shown in Tables 10 and 12 . 
The c hi-square values in these tables were highly significant which 
implies matings were not random for those groups. The test statistic 
could not be calculated for Tables 9 and 11 because the expected values 
of some cells of the tables were less than one which invalidates the test 
(Snedecor and Cochran, 1967). This could have been avoided by combining 
cells until all expectations were greater than one, but this would have 
made the correlation between basic form scores of sires and dams less 
sensitive in measuring the degree of assortative mating. Even though 
the sparsely filled tables made the chi-square test invalid, the empty 
cells were not unexpected since angular sires were not supposed to be 
mated to angular dams and the same was true for thick sires and dams. 
Generally, these types of matings did not occur . 
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Table 9. Frequencies of heifers from recommended matings for all sire 
and darn basic form score combinations 
Dam basic form score Row 
1 2 3 4 5 total 
Sire 1 0 1 8 9 0 18 
Basic 2 0 1 18 8 0 27 
Form 3 0 7 4 0 0 11 
Score 4 0 1 1 0 0 2 
Column 
total 0 10 31 17 0 n=58 
2 X was not computed 
p = -.54* 
the 95% confidence interval for p is: 
-.33 < p ~ - • 70 
*Significantly different from zero at the .05 level. 
The correlations between parents are shown for each group in Tables 
9 through 12. These values were calculated with the following formula: 
A= LXY - n(Y)(X) 
P ((LY2 : n(Y) 2)(Ex2 - n(X) 2)) · 5 
where 
p is the correlation between parents for basic form score, 
X is the sire's basic form score, 
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Table 10. Frequencies of heifers from dams evaluated but not mated to a 
recommended sire for all sire and dam basic form score 
combinations 
Dam basic form score 
Row 
1 2 3 4 5 total 
Sire 1 0 9 33 22 0 64 
Basic 2 1 19 89 77 8 194 
Form 3 1 28 85 43 5 162 
Score 4 6 27 49 28 5 115 
Column 
total 8 83 256 170 18 n=535 
x2 = 34.83 (p<.01) with 12 degrees of freedom 
p = -.13i< 
The 95% confidence interval .for p is: 
-.05 < p < -.21 
*Significantly different from zero at the .05 level. 
Y is the dam's basic form score, and 
n is the total number of offspring ,, 
The correlations between parents were negative for all groups. The 
values for the cows and heifers of recommended matings were much higher 
than those for the offspring from nonrecommended matings. The values 
were very consistent between cows and heifers of the same mating group. 
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Table 11. Frequencies of cows from cecorrunended matings for all sire and 
dam basic form score combinations 
----- - ---------- - --- - --- - -- - -- --- -- ---·-- - - - - -- ---- ------- -- --
Dam basic (orm score 
--- --- Row 
1 2 3 4 5 total 
Sire 1 0 4 53 90 2 149 
Basic 2 0 9 143 101 3 256 
Form 3 9 70 67 10 1 157 
Score 4 0 6 5 1 0 12 
Column 
total 9 89 268 202 6 n=574 
2 X value not computed 
p = -.59* 
The 95% confidence interval for p is : 
-.53 < p < -.64 
*Significantly different from zero at the .05 level . 
There was no difference in the estimated correlations between cows' and 
heifers' parents in the nonrecommended class . The difference between 
estimated correlations between cows' and heifers' parents in the recom-
mended mating class was only .05. 
To test the null hypothesis that the true correlations were actually 
zero against the alternative hypothesis that the true correlations were 
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Table 12. Frequencies of cows from dams evaluated but not mated to a 
recommended sire for all sire and dam basic form score 
combinations 
Dam basic form score 
Row 
1 2 3 4 5 total 
Sire 1 14 116 428 490 32 1080 
Basic 2 17 235 972 879 58 2161 
Form 3 57 641 1609 1143 93 3543 
Score 4 9 135 303 205 12 664 
Column 
total 97 1127 3312 2717 195 n=7448 
x2 = 144.77 (p<.01) with 12 degrees of freedom 
p = -.13* 
The 95% confidence interval for p is: 
-.11 < p < -.15 
*Significantly different from zero at the .05 level. 
different from zero, the t-test was used (Snedecor and Cochran, 1970). 
The null hypothesis was rejected for each group with the probability of 
Type I error equal to .05 which implies the true correlations between 
parents were not zero. 
The next step was to find the 95% confidence interval for each 
correlation . Again, this was done by methodology of Snedecor and Cochran 
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(1970), and the intervals are shown in Tables 9 through 12. In no case 
does the interval include zero which was expected when the null hypotheses 
were rejected. 
These results indicate that dairymen using the MAP program did indeed 
practice negative assortative mating for basic form although those who 
followed the recoT1ID1ended matings practiced it to a higher degree than 
those who did not use one of the evaluator's recorru.nended sires. 
Improvement in Basic Form of MAP Offspring 
Once it was established that negative assortative mating was being 
practiced in herds included in the data sets, the next question to ask 
was if offspring improved in basic form. To answer this question, the 
four groups of offspring used to measure the correlation of sire and dam 
basic form scores were again 1 isted in tables where each cell contained 
the ratio of animals in that particular cell improved in basic form to 
the total number of animals in the cell (Tables 13 through 16). 
Basic form improvements were measured by comparing the daughter's 
basic form score to her dam's score. Since a score of three is most 
desirable for basic form, daughters closer to this score than their dams 
were considered improved in basic form. For dams scored one or five, the 
extremes in scores, daughters scored three would be improved as well as 
daughters scored two or four since these scores indicate the daughter 
was closer to the desirab.le intermediate than her dam. For dams scored 
two or four, only daughters scored three would be improved since all 
other scores represented no change or a worse basic form score than 
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the dam. A difficult choice arose when daughters of dams already scored 
three were considered, The best score possible for such animals was a 
three which was desirable, but not actually an improvement between 
generations. All records from such dams co~ld have been discarded in 
these calculations, but because the goal of the MAP program is not just 
to produce one generation of cows desirable in basic form, but instead 
to produce and maintain a herd intermediate in basic form, it was de-
cided to include such dams in the calculations. Their offspring were 
labeled improved in basic form if they were scored three which meant 
they remained in the most desirable class. Based on these decisions, 
offspring of all evaluated dams were counted as improved or not improved 
and the totals of improved offspring are reported as the numerators of 
the ratios in Tables 13 through 16. With improvement of basic form 
defined as the goal, the cells of each table were classified as one of 
two types: a desirable sire and dam mating or an undesirable sire and 
dam mating . There were equal numbers of these cells in each table, but 
there were far fewer offspring from parents of undesirable matings than 
from parents of desirable matings. This is another way of saying nega-
tive assortative mating was being practiced since the undesirable mat-
ings are largely positive assortative pairings of parents. 
Roughly 67 % of the cows and heifers from evaluated dams not mated 
to a recommended sire fell into one of the desirable mating cells. Over 
80% of the cows and heifers from recommended matings fell into a desirable 
mating cell. It may seem surprising to find any recommended matings 
which were considered undesirable. This probably occurred because Midwest 
Table 
Sire 
Basic 
Fonn 
Score 
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13. Ratios of heifers improved in basic form score to total 
heifers from recommended matings 
Dam basic form score 
1 2 3 4 5 
1 
oa u _Q u 7... 6b DQ u - D -0 1 8 9 0 
2 u Q 0 UQ 1 D 10 10 D] 8 DQ 0 
3 DQ D 6 nl u.2 u.2 0 7 4 0 0 
4 DQ DQ 0 u.2 u.2 u -0 1 1 0 0 
Column 0 6 20 9 0 
total 0 10 31 17 0 
heifers improved in basic form 35 60.34% total number of he ifers 58 
heifers f rom desirable matings imEroved in basic form 
total heifers from desirable matings 
heifers from undesirable matings improved in basic form 
total heifers from undesirable matings 
Row 
total 
13 
18 
13 
27 
9 
11 
0 
2 
Overall 35 
total 58 
28 59.57% 47 
7 
11 63.64% 
aThe ratio is the number of heifers imprcived in basic form score over 
the t otal number o f heifers in that cell, and U indicates an undesirable 
sire and dam pairing. 
bD indicates a desirable sire and dam pairing. 
Table 
Sire 
Basic 
Form 
Score 
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14. Ratios of heifers improved in basic form score to total heifers 
from dams evaluated but not mated to a recommended sire 
Dam basic form score 
Row 
l 2 3 4 5 total 
l 
oa 
ul u 24 16b DQ 47 u - D-· 64 0 9 33 22 0 
2 ul u 12 D .§_Q D 41 D~ 122 l 19 89 77 8 194 
3 nl D 12 D ~~ u 12 u ~ 71 1 28 86 43 5 162 
4 D _§ D 13 9 4 u~ 36 6 27 u 49 u 28 5 115 
Column 8 44 135 73 16 Overall 276 
total 8 83 256 l70 18 Total 
heifers improved in basic form 276 
total number of heifers = 535 = 51 · 59% 
199 heifers from desirable matings improved in basic form 
total heifers from desirable matings = --
heifers from undesirable matings improved in basic form 
total heifers from undesirable matings 
343 
77 
192 
535 
58. 01% 
40.10% 
aThe ratio is the number of heifers improved in basic form score over 
the t otal number of heifers in that cell, and U indicates an undesirable 
sire and dam pairing. 
bD indicates a desirable sire and dam pairing. 
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Table 15. Ratios of cows improved in basic form score to total cows from 
Sire 
Basic 
Form 
Score 
recommended matings 
Dam basic form score 
1 2 3 4 5 
1 
oa u~ u 38 57b nl u- D 90 0 4 53 2 
2 u 0 u2 75 59 n1 0 9 D 143 D 101 3 
3 n2 D 34 D 29 6 u 1: 9 70 67 u 10 l 
4 D Q D 0 ul UQ u _Q 0 6 5 1 0 
Column 9 45 144 122 6 
total 9 89 268 202 6 
cows improved in basic form 326 
total number of cows . = 574 = 56 · 79 % 
cows from desirable matings improved in basic form 
total cows from desirable matings 
cows from undesirable matings improved in basic form 
total cows from undesirable matings 
Row 
total 
101 
149 
144 
256 
79 
157 
2 
12 
Overall 326 
Total 574 
268 
491 = 54.58% 
58 
83 = 69.88% 
aThe ratio is the number of cows improved in basic form score over the 
total number of cows in that cell, and U indicates an undesirable sire and 
dam pairing. 
bD indicates a desirable sire and dam pairing. 
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Table 16. Ratios of cows improved in basic form score to total cows from 
Sire 
Basic 
Form 
Score 
dams evaluated but not mated to a reconunended 
Dam basic form score 
1 2 
1 
13a 
u 14 
48 
u 116 
2 u l~ 17 u 131 235 
3 D 55 D 297 57 641 
4 D J.. 44 9 D 135 
Column 89 520 
total 97 1127 
cows improved in basic form 
total number of cows 
3 4 
u 215 278b 
428 D 490 
D 560 
972 
D 473 
879 
690 
D 1609 
399 
u 1143 
98 
u 303 
43 
u 205 
1563 1198 
3312 2717 
3549 
7448 47.65% 
cows from desirable matings improved in basic form 
total cows from desirable matings 
sire 
5 
D 32 
32 
D 58 
58 
u 83 93 
u 11 
12 
184 
195 
2494 
4882 
Row 
.total 
586 
1080 
1236 
2161 
1524 
3543 
203 
664 
Overall 3549 
Total 7448 
51. 09% 
cows from undesirable matings improved in basic form 
total cows from undesirable matings 
1055 
2566 41.11% 
aThe ratio is the number of cows improved in basic form score over the 
total number of cows in that cell, and U indicates an undesirable sire and 
dam pairing. 
bD indicates a desirable sire and dam pairing. 
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Breeders sire basic form score estimates used to make sire reconnnenda-
tions were not necessarily the same as the estimates obtained in this 
study. Since the estimates from this study are based on a larger number 
of records, they should be more accurate than those used by Midwest 
Breeders. A few misscored sires could account for a large number of 
undesirable matings, by this study's definition, in the recommended 
ma ting groups. 
Due to the large differences in numbers of undesirable and desirable 
matings, basic form improvements were expressed as percentages. In each 
of Tables 13 through 16, the overall improvement rate of basic form is 
listed. Heifers from recommended matings had the highest overall improve-
ment rate (60.34%); cows from recommended matings showed just slightly 
fewer improvements (56 . 79%). The above groups were higher in improvement 
rates than heifers and cows of nonrecommended matings (51.59 and 47 . 65% 
respectively). Only cows of nonrecommended matings had an overall im-
provement rate below 50% . 
Also shown in Tables 13 through 16 are the percentages of improved 
offspring from desirable and undesirable matings. Undesirable matings 
produced offspring which showed higher rates of improvements in basic 
form than offspring from desirable matings when MAP mating recommendations 
were followed. For the nonrecommended mating groups, offspring of de-
sirable matings showed higher improvement rates than offspring of unde-
sirable matings . This was not the expected result. The problem of 
miss cored sires may partially account for these results. Due to the low 
numbers in some of the undesirable mating groups, a few sires with wrong 
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scores could change the results reported here, although the change could 
be in either direction. 
The lowest linprovernent rate of any one of the desirable/undesirable, 
recommended/nonrecornmended mating groups was above 40%. The rates of 
linprovements from some pairings were particularly surprising. One example 
is the cell which shows sires scored one mated to dams scored one for the 
nonrecornmended mating cows (Table 16). These matings represent the 
extreme in undesirability, yet of 14 cows from these pairings, 13 lin·-
proved in basic form. Examples such as this suggest the well-known 
phenomenon of offspring regression towards the population mean is account-
ing for much of the improvement seen in basic form. It is probably more 
pronounced in these data because of the discrete scores given to basic 
form. Offspring of the extreme pairs of positively assorted parents 
cannot be scored any more extreme; they would either stay the same or 
move closer to the middle which is an improvement in this analysis. 
Improvements in Worst Fault Traits of MAP Off spring 
The linprovement of offspring in their dam's worst fault trait was 
measured for specific traits. These were the 11 MAP traits other than 
basic form. Production, fat test, and crampy were not used because of 
the lack of information necessary to measure improvement between genera-
tions. A dam should have been scored a four or five, undesirable and 
very undesirable, respectively, in her worst fault trait. A daughter 
was called improved in her dam's worst fault trait if her score in that 
trait was lower, or better, than her dam's. The ratio of daughters 
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impr ov ed in a particular worst fault to the total number of daughters 
from darns with that worst fault was the statistic used to measure worst 
fault improvement. 
The r atios were calculated for cows and heifers of recommended and 
nonrecorrnnended ma tings; these are the same four groups used in the basic 
form improvement ana l ysis. Worst fault traits were divided into four 
categories to simplif y summarization of results. Legs and feet were 
placed in separate categories because of their high frequencies . The 
four mammary tra i t s, tea ts. rear udder, fore udder. and center support, 
were categorized as a group. The remaining traits, including front, 
scale, ba ck, body capacity, and rump, were placed in the fourth category. 
Mammary traits were not evaluated in heifers. The improvement rate of 
these categorized traits and the overall improvement rate are shown in 
Table 17. 
The percentages were much higher than expected based on heritability 
estimates of the traits calculated by Thompson et al. (1980). The lowest 
improvement rate was 58.33 % in the legs category of heifers from recom-
mended ma tings. The highest improvement rate was 100. 00% in the feet 
category of the same heifer group. Because such small numbers were 
involved, these percentages varied more than those in the other groups. 
In fact, when the extremes were omitted, the range of improvements was 
from 66.13 to 88.46%, and most were close to 70%. 
Overall, the improvement rates were both high and remarkably con-
stant across traits, mating categories, and cow or heifer standing. On 
the basis of these facts, it seems likely a great deal of improvement 
Table 17. Worst fault improvement ratios of COWS and heifers from recorrnnended and nonrecorrnnended 
matings 
Heifers Cows 
Recommended Nonrecorrnnended Recommended Nonrecommended 
matings matings matings matings 
Legs 
7a 
58. 33% 57 67.86% 41 66.13% 745 70.28% 12 84 62 1060 
Feet 2 100.00% 34 69.39% 46 88.46% 603 82.83% 2 49 52 728 
Mannnary b 141 83.93% 1763 75.67% 168 2330 
Other c 9 75% 90 72.00% 111 73.03% 1217 71.13% 12 125 152 1711 
Overall 18 69.23% 181 70.16% 339 78.11% 4328 74.25% 26 258 434 5829 
aEach ratio is the number of daughters improved in the trait(s) over the total number of 
daughters whose dam had the worst fault(s). 
bMammary includes teats, fore udder, rear udder, and center support. 
cOther includes front, back, rump, body capacity, and scale. 
-...J 
co 
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in the offspring is due to regression towards the population mean. The 
dam should be scored four or five in her worst fault trait. If she was 
scored five, her progeny can only stay the same or improve; they cannot 
score worse. If she was scored four, her progeny could either become 
better or worse or remain the same, in which case the effect of the pro-
gram may be better assessed. The MAP program has recently changed its 
scoring system to a 50 point linear scale . This would help eliminate 
the problem with the five score scale. 
Such high improvement rates of basic form and worst fault traits 
lend credence to dairymen's claims of great improvement in the first 
generation of offspring from dams evaluated in the MAP program. Even if 
a recommended sire was not used, there was still a great deal of improve-
ment in the areas the MAP program proposes to improve, basic form and 
worst fault of the cow. 
The next question to ask is what happens to the cow as a whole? 
To answer this, conformation, production, and stayability should all be 
used. The MAP program does not use overall scores and trying to combine 
the scores of the daughter to compare to combined scores of the dam would 
be very difficult . So this analysis did not attempt to measure overall 
conformation improvement, although this would have been desirable if it 
could have been done. Too few daughter-dam pairs in which both had 
production information were available to allow a proper analysis of the 
MAP program on production. This study did attempt to measure its effect 
on stayability. 
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Analysis of Variance 
The results of the analysis of variance of the models used to analyze 
heifer and cow basic form are shown in Tables 18 and 19. The maximum 
likelihood (M.L.) constant estimates from the same models appear in Tables 
20 and 21. F.ach table compares a model which included sire PD milk as a 
covariate with the same model without the covariate. 
None of the F ratios computed from the analysis of variance of 
heifer basic form score were significant (p >.05), although the regres-
sion on sire PD milk effect approached significance (p<.10) (Table 18) . 
In an earlier study of the MAP program, Thompson (1978) found sire effects 
significant (p <. 01); mating category and genetic group effects were 
ignored. 
In the analysis of variance of cow basic form score, the F ratios 
were highly significant (p <. 01) for sire, days in milk, and parity effects 
for both models (Table 19) . The regression of cow basic form on sire 
PD milk was also highly significant (p <. 01). Mating category and genetic 
group effects were nonsignificant (p >. 05) for both models. 
Thompson (1978) found sire effects significant (p <.01) when basic 
form of milk cows and dry cows was analyzed separately, although parity 
effects were not significant (p >. 05) . In the same analysis, linear and 
quadratic regression on days in milk effects were both significant. 
Mating category and genetic group effects were not included in the 
analysis by Thompson (1978), and the results of this study indicate 
adjusting records for these effects is not necessary while sire, parity, 
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Table 18. Within herd-year-season analvsis of variance for heifer basic 
fo rm 
- -
- - - - - - - - - - . 
.. - - - . 
. - - - - - - - - - - - -
Without covariate With covariate 
df. M.S. F df. M.S. F 
Sire PD milk 
regression 1 1. 3142 2.99 
Mating category 2 • 7965 1. 81 2 .8099 1.84 
Genetic groups 9 .2847 .65 9 .2078 .47 
Sires 149 .4568 1. 04 149 . 4277 .97 
Error 2111 .4396 2110 .4398 
days in milk, and regression on sire PD milk effects should be included 
in basic form analysis models. 
M.L . co nstant estimates from the heifer basic form models indicate 
offspring of nonreconrrnended matings were more angular than offspring of 
recommended matings, and offspring of unknown matings were intermediate 
(Table 20). There was almost no difference between the M. L. constant 
estimates for mating category from the model which included sire PD as 
a covariate and the model which did not . 
Sires were divided into 10 genetic groups based on the year they 
entered active service at Midwest Breeders, except the group which 
included all progeny of unknown sires who were considered to be progeny 
of a single sire. This group then, in effect, contained one sire which 
was the unknown sire. The M.L. constant estimate for progeny of unknown 
Table 19. Within herd-year-season analysis of variance for cow basic form 
Without covariate With covariate 
d. £. M.S. F d.f. M.S. F 
Sire PD milk 
regression 1 41. 2958 92. 64** 
Parity 2 6.1331 13. 79~0~ 2 5.9362 13.32** 
Days in milk 7 233.7100 525.31** 7 238. 9210 535.97** 
Mating category 2 1. 3226 2.97 2 1.2408 2. 78 
Genetic groups 11 .3514 . 79 11 .6231 1.40 
co 
Sires 336 . 7207 1. 62** 336 . 8367 1. 88** N 
Error 122991 . 4449 121753 .4458 
**Significant at the .01 level. 
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Table 20. Maximum likelihood constant estimates of fixed effects from 
heifer basic form models 
Without sire With sire 
PD covariate PD covariate 
M.L. E.a S.E. b M.L.E. S.E. 
Unknown mating 0 0 0 0 
Nonrecommended mating -0.029 0.037 -0.029 0.037 
Recorrnnended mating 0.123 0.080 0.124 0.080 
Unknown sires (l)c 0.185 0 . 326 0 . 138 0 . 328 
Genetic gr oup 59-64 (19) 0.055 0.112 0.077 0.112 
Geneti c group 65-68 (15) 0.049 0.122 0.037 0.123 
Geneti c group 69 ( 8) -0.153 0.154 -0.145 0.154 
Genetic group 70 ( 7) 0.124 0.146 0.113 0.147 
Genetic group 71 (15) 0.019 0.121 -0 . 012 0.123 
Genetic group 72 (2) 0.047 0.106 0.046 0.106 
Genetic group 73 (12) -0.036 0 . 146 -0.031 0.146 
Genetic group 74 (21) -0.098 0.119 -0.069 0.120 
Genetic group 75-78 ( 31) -0 .192 0.110 -0.153 0.112 
Regression coefficient -0.153d 0.087 
a 
M.L.E. is the M.L. constant estimate of the effect. 
bS.E. is the standard error of the estimate. 
cirrnnediately after the group is the year(s) the sires in that group 
entered active service at Midwest Breeders Cooperative. The number of 
sires in the group is in parentheses. 
dThe regression coefficient estimate and its standard error are 
expressed as the change in heifer basic form score per 1000 pounds of 
change in sire PD for milk. 
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Table 21. Maximlllll likelihood constant estimates of fixed effects from 
cow basic form models 
Unknown mating 
Nonrecommended mating 
Recommended mating 
Parity 1 
Parity 2 
Parity 3 or greater 
0-29 Days in milk 
30-59 Days in milk 
60-89 Days in milk 
90-119 Days in milk 
120-149 Days in milk 
150-179 Days in milk 
180 or more days in milk 
Dry cows 
Unknown sires (l)c 
Genetic group 59-75 (48) 
Genetic group 59-64 (41) 
Genetic group 65-68 (58) 
Genetic group 69 (12) 
Genetic group 70 (13) 
Genetic group 71 (16) 
Genetic group 72 (20) 
Genetic group 73 (15) 
Genetic group 74 (27) 
Genetic group 75-78 (57) 
Genetic group 75-78 (28) 
Regression coeffi ci ent 
a 
Without sire 
PD covariate 
M.L.E.a 
0 
-0.017 
-0.025 
0 
-0.024 
0.005 
0 
-0.147 
-0.147 
-0 .106 
-0.069 
-0.006 
0.132 
0.248 
0.020 
0.038 
O.Oll 
-0.019 
-0.125 
0.115 
0.092 
0.041 
-0.060 
-0.008 
-0.117 
0.014 
b S.E. 
0 
0.007 
0.025 
0 
0.006 
0.006 
0 
0.008 
0.008 
0.009 
0.009 
0.009 
0.007 
0.009 
0.314 
0.076 
0.065 
0.060 
0.102 
0.099 
0.088 
0.080 
0.092 
0.076 
0.066 
0.112 
With sire 
PD covariate 
M.L.E. 
0 
-0.017 
-0.024 
0 
-0.024 
0.005 
0 
-0 . 141 
-0.141 
-0.100 
-0.062 
-0.000 
0.138 
0 . 266 
-0. 077 
-0.059 
-0.026 
-0.131 
-0.073 
0.055 
0.060 
0.111 
-0. 003 
0.184 
0.025 
-0.065 
-0.475d 
S. E. 
0 
0.007 
0.025 
0 
0.006 
0.006 
0 
0.008 
0.008 
0.009 
0.009 
0.009 
0.007 
0.009 
0.314 
0.077 
0.065 
0.061 
0.102 
0.099 
0.088 
0.081 
0.092 
0.078 
0.067 
0.113 
0.049 
M.L.E. is the M.L. constant estimate of the effect. 
bS.E. is the standard error of the stimate. 
clmrnediately after the group is the year(s) the sires in that group 
entered active servi ce at Midwest Breeders Cooperative. The number of 
sires in the gr oup i s in parentheses. 
dThe regression coefficient estimate and its standard error are ex-
pressed as the change in cow basic form score per 1000 pounds of change 
in sire PD for milk. 
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sires indicates they tended to be thick. For the other sires, M.L . 
constant estimates indicate that younger sires' progeny tended to be 
angular when sire PD was not considered in the model. When it was in-
cluded, the same trend was present although it was not as distinct . 
Most genetic group estimates were very similar between the models with 
sire PD milk included and the model without it, although the constant 
estimate for sires from 1971 was much lower when sire PD milk was included 
as a covariate. 
The regression coefficient estimate itself indicates dairymen lost 
.153 units of basic form to gain an ex tra 1000 pounds of PD milk. This 
also indicates that sires with high PD milk tended to produce angular 
daughters. Aitchison et al. (1972) found a negative correlation between 
basic form and milk production which implies angular cows tend to produce 
more milk. This agrees with the results of this study. 
The mating category M.L. constant estimates from the model with 
sire PD milk included as a covariate are adjusted for selection of sires 
for PD milk, and they represent the effect of the mating program alone. 
The corresponding estimates from the model without the covariate represent 
the joint effect of the mating program and selectivity of sires for PD 
milk . There was almost no difference in the mating category constant 
estimates from the two heifer models . This indicates that sire selection 
for genet ic superiority in milk is the same for all mating categories and 
the differences between mating categories reflects the benefit of the 
mating program in improving basic form . 
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The standard errors cl the M.L . constant estimates from the model 
without sire PD included as a covariate were equal to or smaller than 
those from the model with the covariate. There was very little difference 
in the standard errors overall. 
The M.L. constant estimates from the cow basic form models indicate 
that the offspring of reconnnended matings tended to be more angular than 
off spring of nonrecommended matings while off spring from unknown matings 
tended to be the thickest of the three groups (Table 21) . There was 
almost no difference between the estimates from the model which included 
sire PD as a covariate and the model which did not. In both cases, these 
results were quite different from the estimates obtained from the heifer 
basic form models in which offspring of reconnnended matings tended to 
be the thickest of the three groups. 
There was little difference in M.L. constant estimates from the 
two models for parity effects. Cows in their first lactation tended 
to be scored about the same as cows in their third or later lactation, 
and both groups tended to be thicker than cows in their second lactation. 
M.L. constant estimates for days in milk classes clearly show 
the same quadratic trend found by Thompson (1978): basic form scores 
were lowest when the cow was at peak milk production and higher during 
the first and later parts of lactation with a peak in the dry period 
when the cow would carry the most excess flesh. The estimates from the 
model with sire PD as a covariate were very similar to those from the 
model which did not include it. 
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Cow sires were grouped similarly to heifer sires with two extra 
groups added to include sires with Midwest Breeders' sire code, but no 
starting date of active service. These sires were grouped by code nmnber 
to correspond with group definitions of sires with known active service 
starting dates. The groups are listed in order of active service start-
ing dates in Table 21. 
It was difficult to discern any real pattern in the M.L. constant 
estimates for groups. Unknown sires tended to produce thick offspring 
when sire PD was not in the model, but there was no apparent connec-
tion between angularity or thickness of offspring and date of starting 
active service. The estimates were quite different when the regression 
or sire PD milk was included. Unknown sires tended to produce more 
angular offspring in this case, and there was still no clear relation 
between basic form and date of starting active service. 
The regression coefficient indicates sires with high PD milk values 
tended to sire more angular offspring as it did in the heifer basic form 
analysis. Again, this agrees with the results reported by Aitchison et 
al. (1972). 
The regression coefficient indicates that dairymen gave up .475 
units in basic form in gaining 1000 pounds of PD milk, which also indi-
cates that sires with high PD milk tended to produce angular daughters. 
Again, this agrees with results reported by Aitchison et al. (1972). 
Basic form is similar to, although not the same as, the dairy 
character trait used by the Holstein-Friesian Association of America 
in their conformation evaluation system. Cows scored angular for dairy 
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character have been found to produce more milk than thicker cows (White 
and Vinson, 1976), which agrees with the results reported here. The MAP 
program's goal to produce cows intermediate in basic form is an attempt 
to obtain high milk production and longevity or herd life because of the 
belief angular cows tend to have a shorter herd life. Again, this 
demonstrates a need to evaluate cows as a whole. 
A comparison of mating category M.L, constant estimates from the cow 
models led to the same conclusion drawn from comparing heifers' mating 
category estimates: sire selection for genetic superiority in milk is the 
same for all mating categories and the differences between mating categor-
ies reflects the benefit of the mating program in improving basic form. 
Standard errors of the estimates from the model which did not in-
clude the covariate were equal to or slightly smaller than those from the 
model which included the covariate. Overall, there was little difference. 
To evaluate cows as a whole, this study attempted to analyze 36 
and 48 month stayabilities. While doing the analysis, a problem with 
the data was discovered. Production information from the USDA was re-
ceived in October 1979 which was after the la test MAP records were col-
lected in September 1979. When stayabilities were calculated from the 
production information, cows received a one for a stayability if they 
were present in the herd at that given age. A cow was scored a zero if 
she was not in the herd at that age, and also if she was present in the 
herd but younger than the given age of stayability. Thus, a cow 25 months 
of age in August 1979 was scored zero for 36 and 48 month stayability. 
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If this occurred with equal frequency for all mating categories, 
genetic groups, and sires, the results of the analysis of stayabilities 
should not have been seriously affected. However, the M.L. constant 
estimates shown in Tables 24 and 25 indicate this did not happen. The 
average age of cows was not the same across mating categories, genetic 
groups, and sires. Cows from the recommended and nonrecommended mating 
categories were expected to be younger on the average than cows from 
the unknown mating group because the unknown matings represent evalua-
tions of the dams of the off spring from recommended and nonrecommended 
matings . 
In addition, the cut-off dates in the data were such that progeny 
of sires entering active service most recently, particularly those enter-
ing after 1973, did not have the opportunity to be in the herd for 36 or 
48 months. As a result, these progeny were considered to have left the 
herd sooner than would be expected under normal conditions. 
The M.L. constant estimates from the 36 month stayability models 
indicate cows from recommended and nonrecommended matings did not stay 
in their herds as long as cows from unknown matings (Table 24). Progeny 
of sires entering active service at Midwest Breeders most recently re-
mained in their herds for a shorter time than progeny of sires in active 
service longer, These trends appeared to be directly related to the age 
of cows in these different groups. Very similar results were obtained 
from the analyses of the 48 month stayabiLity models (Table 25). 
Because of the problem of distinguishing between cows which had 
left their herds and cows which were present at early ages, it would be 
Table 22. Within herd-year-season analysis of variance for cow 36 month stayability 
Without covariate With covariate 
d. £. M. S. F d. £. M.S. F 
Sire PD milk 
regression 1 3.5914 26.87** 
Mating category 2 32.1585 240.66** 2 31. 9222 238.85** 
Genetic groups 11 5.8176 43.54** 11 5 .1052 38.20** 
Sires 281 6.4464 48.24** 281 5.7830 43.27** 
Error 46012 .1336 46011 .1337 
l.O 
0 
**Significant at the .01 level. 
Table 23. Within herd-year-season analysis of variance for cow 48 month stayability 
Without covariate With covariate 
d. f. M.S. F d. f. M.S. F 
Sire PD milk 
regression 1 6.7033 39. 96** 
Mating category 2 65.2262 388. 82131c* 2 64.8525 386.59** 
Genetic groups 11 10.2421 61. 05** 11 9.1263 54.40** 
Sires 281 9.4541 56.36** 281 8.2073 48.92** 
Error 46012 .1678 46011 .1678 
**Significant at the .01 level. 
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Table 24. Maximlllll likelihood constant estimates of fixed effects from 
cow 36 month stayabili t y models 
Without sire With sire 
PD covariate PD covariate 
M.L. E.a S.E. b M.L . E. S.E. 
Unknown mating 0 0 0 0 
Nonrecommended mating -0 .111 0.005 -0.111 0.005 
Recommended mating -0.127 0 . 017 -0.125 0.017 
Unknown sir es (l)c 0.123 0.054 O. llO 0.054 
Genetic group 59-75 (27) 0.162 0.040 0. 148 0.040 
Genetic group 59-64 (39) 0.160 0 . 016 0 . 165 0 . 016 
Genetic group 65-68 (55) 0 . 160 0.016 0.148 0.016 
Genetic group 69 (12) 0.043 0.023 0.054 0.023 
Genetic group 70 (13) 0.042 0.022 0.035 0.022 
Genetic group 71 (16) 0 . 072 0.020 0.066 0.020 
Genetic group 72 (20) 0.031 0.019 0.038 0.019 
Genetic group 73 (15) -0.083 0.024 -0.076 0.024 
Genetic group 74 (27) -0.282 0.023 -0.261 0.023 
Genetic group 75-78 (36) -0.289 0.031 -0.278 0.031 
Genetic group 75-78 (20) -0.139 0.075 -0.150 0.074 
Regression coefficient -0.092d 0.036 
a 
H.L.E. is the M.L. estimate of the effect. 
bS.E. is the standard error of the estimate. 
clmmediately after the group is the year(s) the sires in that group 
entered active service at Midwest Breeders Cooperative . The number of 
sires in the group is in parentheses . 
dThe regression coefficient estimate and its standard error are 
expressed as the change in 36 month stayability score per 1000 pounds of 
change in sire PD for milk. 
93 
Table 25. Maximum likelihood constant estimates of fixed effects from 
cow 48 month stayability models 
---
Without sire 
PD covariate 
M.L.E.a S.E. b 
Unknown mating 0 0 
Nonrecommended mating -0.161 0.006 
Recommended mating -0.112 0.019 
Unknown sires (l)c 0.137 0.061 
Genetic group 59-75 (27) 0.253 0.045 
Genetic group 59-64 (39) 0.219 0.018 
Genetic group 65-68 (55) 0.220 0.018 
Genetic group 69 (12) 0.113 0.026 
Genetic group 70 (13) 0.069 0.025 
Genetic group 71 (16) 0.010 0.022 
Genetic group 72 (20) -0.121 0.021 
Genetic group 73 (15) -0.251 0.027 
Genetic group 74 (27) -0.274 0.026 
Genetic group 75-78 (36) -0.177 0.035 
Genetic group 75-78 (20) -0.198 0.084 
Regression coefficient 
a M.L.E. is the M.L. estimate of the effect. 
bS.E. is the standard error of the estimate. 
With sire 
PD covariate 
M.L.E. 
0 
-0.161 
-0.109 
0.118 
0.235 
0.226 
0.204 
0.128 
0.060 
0.002 
-0.111 
-0.242 
-0.245 
-0.162 
-0.213 
-0.067d 
S.E. 
0 
0.006 
0.019 
0.061 
0.045 
0.018 
0.018 
0.026 
0.025 
0.022 
0.021 
0.027 
0.026 
o. 035 
0.085 
0.013 
clmmediately after the group is the year(s) the sires in that group 
entered active service at Midwest Breeders Cooperative. The number of 
sires in the group is in parentheses. 
dThe regression coefficient estimate and its standard error are 
expressed as the change in 48 month stayability score per 1000 pounds of 
change in sire PD for milk. 
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d ifficult t o conclude offspring of nonrecommended and recommended matings 
had poorer stayability records than offspring of unknown matings. For 
the same reason, it cannot justly be said stayability of cows declined 
over time as the trend of genetic groups might imply. 
The results of the analysis of variance of 36 and 48 month 
stayability appear in the same format as basic form for heifers in 
Tables 22 and 23, respectively, although they are of limited useful-
ness because of the problem with stayability scores already described. 
Genetic groups were defined the same as they were in the cow basic fonn 
analysis. Every effect of the models which included sire PD as a 
covariate, and also the models which did not, was highly significant 
(p<.01) in the analysis of 36 and 48 month stayability. 
Table 26 presents a comparison of sire and error variance estimates 
as well as heritability estimates obtained from the heifer and cow basic 
form analyses and the cow stayability analyses. There was very little 
difference in general between a model which included sire PD milk as 
a covariate and the same model which did not include it. One exception 
was the heritability estimates from the cow basic form models. When 
sire PD milk was included as a covariate, the heritability estimate was 
about .1 higher than the estimate from the model which did not include 
the covariate. The difference in heritability estimates was smaller 
between the heifer models with and without sire PD milk as a covariate. 
All basic fonn heritability estimates were much lower than the estimates 
found by Thompson (1978), although they were much closer to those ob-
tained by Aitchison (1971). The heritability estimates of these studies 
were reported in Table 2. 
Table 26. Variance and heritability estimates from all models 
Basic form Stayability 
Heifers Heifers Cows Cows 36 month 36 month 48 month 48 month 
without with sire without with sire without with sire without with sire 
sire PD as PD as sire PD as PD as sire PD as PD as sire PD as PD as 
covariate covariate covariate covariate covariate covariate covariate covariate 
Sire 
variance .0741 .0673 .0648 .0795 .0060 .0056 .0083 .0076 
estimate 
Error 
variance .4262 .4265 .4459 .4454 .1336 .1336 .1670 .1678 
estimate 
'° Vl 
Herit-
ability .5926 .5449 .5074 .6055 .1722 .1627 .1884 .1739 
estimate 
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Stayability variance and heritability estimates were higher than 
those reported in study by Everett et al. (1976) and Schaeffer and Burn-
side (1974), but comparisons must be made with caution because of the 
problems with the stayability variables. The sire and error variance 
~ -=- estimates were much the same for all four models which meant heritability 
estimates were very similar. Heritability estimates of 48 month stay-
ability were higher than those of 36 month stayability. There was very 
little difference between models which included sire PD milk as a covari-
ate and those which did not. 
Genetic Correlations 
Sire TA estimates adjusted for genetic trend were obtained from each 
of the six models used to analyze the cow subset of data. These included 
estimates of TA for basic form, 36 and 48 month stayability when sire 
PD milk was not included as a covariate, and the same three variables 
when sire PD milk was included. With TA estimates and the effective 
number of progeny for each sire, genetic correlations were calculated 
as described previously using methodology of Calo et al. (1973). Because 
stayability cannot be calculated for heifers, genetic correlations shown 
in Table 27 are only for cows. 
Correlations were first estimated with all sires included in the 
calculations. Because of the problem with the stayability data described 
previously, correlation estimates were also calculated with the two most 
recent groups of sires to enter active service at Midwest Breeders 
excluded. This was done to eliminate records of cows which were present 
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Table 27. Genetic correlations between stayability and basic form 
36 month stayability 48 month stayability Basic form 
With Without With Without With Without 
regres- regres- regres- regres- regres- regres-
sion in sion in sion in sion in sion in sion in 
model model model model model model 
1 2 3 4 5 6 
1 . 996a .888 .891 -.206 .164 
.989b .929 .920 -.064 .010 
2 .886 .898 -. 241 .191 
. 918 .931 -.108 . 070 
3 . 994 -. 245 . 091 
. 989 -.103 -.028 
4 -. 285 .127 
-.146 .032 
5 .659 
.725 
aThe top number is the genetic correlation with all genetic groups 
included. 
bThe bottom number is the genetic correlation with groups eight and 
nine excluded. 
in their herds yet too young to have established 36 and 48 month 
stayability. This should have affected younger sires most. Correlation 
estimates from both groups are shown for comparison in Table 27. 
The correlation estimated between 36 month stayability with sire 
PD milk included as a covariate and without the covariate was highly 
positive for all sires and for the older sires, too . Very similar esti-
mates were obtained for 48 month stayability with and without the covari-
ate in the model. 
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Slightly lower, although still very high and positive, correlation 
estimates between the two stayabilities were found. The correlation esti-
mates were very similar when sire PD milk was included as a covariate 
and when it was not. The estimates obtained when younger sires were 
excluded were a little higher than those obtained with all sires included. 
These estimates were very similar to those found by Everett et al. (1976) 
who reported the genetic correlation between 36 and 48 month stayability 
as . 94. 
When stayability with basic form correlations were estimated, the 
results were quite different when sire PD milk was included as a covariate 
and when it was not. All correlation estimates between basic form with 
the covariate and stayability were negative. When the covariate was not 
in the model, basic form and stayability correlation estimates were all 
positive with the exception of the correlation with 48 month stayability 
inc luding the covariate. 
Th.is indicates that daughters of sires which tended to be angular 
also tended to stay in their herds longer when sire selection for milk 
was taken into account.. When sire selection for milk was not accounted 
for, the daughters which tended to be thick also tended to stay in their 
herds longer . 
When sire PD milk was included as a covariate, the correlations 
estimated between 36 month stayability, with and without the covariate, 
were closer to zero than the corresponding correlation estimates between 
48 month stayability and basic form.. For each stayability, the estimated 
correlation of basic form with the stayability obtained without the 
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covariate was closer to zero than when the covariate was in the stayability 
model. The same trends were present when the younger sires were not in-
cluded in the calculations, although all correlation estimates were closer 
to zero. 
When sire PD milk was not included in the basic form model as a 
covariate, the estimated correlations between 36 month stayability with 
and without the covariate were larger than the same estimates between 
48 month stayability and basic form. The reverse was true when the 
covariate was included in the basic form model. For each stayability, 
the estimated correlation of basic form with the stayability obtained 
without the covariate was closer to zero than when the covariate was in 
the stayability model. Again, the same trends were present when the 
younger sires were excluded from the calculation with all correlation 
estimates being closer to zero. 
The estimated correlations between the basic form models with and 
without the covariate were high and positive although not quite as high 
as the estimated correlations between the pairs of models for 36 and 48 
month stayability. The estimate was higher when younger sires were not 
included in the calculations. 
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SUMMARY 
Midwest Breeders Cooperative's corrective mating program, MAP, was 
evaluated to determine its overall effect as a dairy cattle mating scheme. 
Heritability and genetic correlations of MAP traits estimated in a pre-
vious analysis by Thompson et al. (1980) established the genetic basis 
for type improvement. The data, which included all records used in the 
earlier analysis by Thompson et al. (1980), were collected after revi-
sions were made in the program based on an earlier analysis by Aitchison 
(1971). Production information for herds in the data was obtained from 
the USDA. The analysis procedure required cows and heifers to be evaluated 
separately. Means and standard deviations were similar to those from the 
previous analyses (Aitchison, 1971; Thompson, 1978) with the greatest 
change occurring in basic form. Cows and heifers scored poorest in rump 
although legs were listed as the worst fault of cows and heifers much 
more frequently than any other trait. 
Correlations between basic form scores of sires and dams were calcu-
lated for four subsets of the data: heifers with dam mated to a recommended 
sire (-.54), heifers with dam not mated to a recommended sire (-.13), 
cows with dam mated to a recommended sire (-.59), and cows with dam not 
mated to a reconunended sire (-.13). These correlations were significantly 
different from zero, and they indicate that negative assortative mating was 
practiced for basic form even when mating recommendations were not followed. 
That is, the availability of MAP evaluations enabled dairymen and AI 
technicians to make matings comparable to using one of the three recom-
mended sires, although the lower correlations of nonrecommended matings 
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indicate corrective mating was not pra c ticed to the same ex tent in non-
recommended matings as it was for recommended matings. 
Daughter-dam pairs in each group were used to measure improvement 
in the daughter's score for basic form and worst fault of their dams. 
Percentage of daughters improved in basic form were: 60% for heifers 
from a recommended mating, 52% for heifers from a nonrecommended mating, 
57% for cows from a recommended mating, and 48% for cows from a nonrecom-
rnended mating. In the same order, overall percentages of daughters 
improved in their dams worst fault were: 69%, 70%, 78%, and 74%. At 
least 58 % of the daughters scored better than their dams for any indi-
v idual worst fault trait. Although these figures indicate that a great 
deal of improvement was made in offspring, the consistently high improve-
ment rate across traits, mating categories, and cow or heifer standing 
suggest much of the improvement was due to regression towards the mean. 
Comparisons of results of cow and heifer basic form models with 
and without sire PD milk included as a covariate indicate that sire selec-
tion for PD milk was the same for all mating categories. The regression 
coefficient itself indicates that sires with high PD milk tended to pro-
duce more angular daughters. The results of the cow models also showed 
parity, stage of lactation, and regression on sire PD milk effects should 
be included for the model to be accurate. Mating category and genetic 
group effects were nonsignificant in the analysis of variance of heifer 
and cow models; the regression on sire PD milk was also nonsignificant 
in the heifer model . Heritability estimates for basic form ranged from 
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.51 to .61 which agrees with the estimates reported by Aitchison (1971) 
but were much lower than the estimates reported by Thompson (1978). 
Cow 36 and 48 month stayability was analyzed similarly to basic 
form, but the results may be biased by the fact that stayability calcu-
lations were not restricted to cows which had the opportunity to establish 
a stayability record. Heritability estimates ranged from .1 6 to .19. 
Genetic correlations between 36 and 48 month stayability were very high, 
ranging from .88 to .99. Genetic correlations between basic form and 
stayability were small and negative when sire selection for milk was 
taken into account, but small and positive when it was not taken into 
account. This indicates that angular off spring tended to stay in their 
herds longer when sire selection for milk was taken into account, while 
thick off spring tended to stay in the their herds longer when sire selec-
tion for milk was not taken into account. 
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